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I 

Westinchouse E l e c t r i c  Corporation, Aerospace Division, Ralt inore ,  Thryland 

The s tudy has heen cox l i c t ed  under c o n t r a c t  NAS 1-5953 wi th  
has  inves t ipa t ed  t h e  system requirements of a r ada r  a l t i m e t e r  app l i cab le  t o  
deep space probes. 

Kampton, Vircinia .  The Westinghouse order  niirrli,er T.U'.?,: U.D-531,49. 
t h e  Nat ional  Aeronautics and Space Administration, Lanpley €tesewcl EP:'? f . r +  > 

The r e s u l t s  of t h e  s tudy  are presented i n  t h r e e  volumes. Volumes I and I1 
are t h e  technic  a1 r epor t  and development plan, respec t ive ly .  
Volume 111, descr ibes  a H e l i a b i l i t y  W I ~  Qt,a.l i t y  Assurance Plan for t h e  alt imeter 's  
desipn,  development and production. 

This  docuTent, 

i.i 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



I' 

. 

8- U N C L A S S I F I E D  

TABLE OF CONTENTS 

INTRODUCTION 

PROGRAM SUMMARY 

RELIABILITY PROGRAM MANAGEMENT 
Program Direc tors  
Respons ib i l i t i e s  
R e l i a b i l i t y  Control  
R e l i a b i l i t y  Indoc t r ina t ion  and Training 

Engineering and management 
I h u f a c t u r i n g ,  tes t  and handl ing personnel  

Subcontract o r  and Suppl ie r  Contro 1 
Program Reviews 

Page 

1. 
9 
i 

SYSTEN RELIABILITY ENGINEERING 7 
Design Spec i f i ca t ion  i 
Analysis of Fa i lu re s  and Their  C r i t i c a l  E f f e c t s  7 
R e l i a b i l i t y  Appo r t ionment 
R e l i a b i l i t y  C i r c u i t  Analysis I:, 

R e l i a b i l i t y  Predic t  ions  and Estimates  '9 
R e v i e w  of Pa r t s  R e l i a b i l i t y  Data 0 
Fa i lu re  Reporting, Analysis,  and Correct ive Action r? 

Breadboal-d phase f a i l u r e s  1- 0 

Product ion phase f a i l u r e s  10 
Environmental E f fec t s  on R e l i a b i l i t y  
Design Review Procedures 11 

Object ive 21 
Design review l e v e l s  11 

Inventory 11. 
Design Review Panel 12 

PIemb ers 17 
Duties of t h e  chairman 13 
Duties of respons ib le  design engineers  13 
Duties of t h e  s e c r e t a r y  13 
Consul tants  13 

Design Review Administration 13 
AgefiGa 13 
Checkl i s t  1 5  
Recommendations l J  

Action items 15  
F i l e  15  

r\ I )  

\ 

Engineering model and q u a l i f i c a t i o n  system failures 10 

I. 1 

Schedule 11. 

1 c  

iii 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



I U N C L A S S I  F l  ED 

PARTS RELIABILITY ENGINEERING 
Scope 
P a r t s  Control Methods 

Se lec t ion  
Application 
Drawings 
Test ing 
Storage and handl ing 
Fa i lure  r epor t ing  

Pa r t s  l ists and t h e  PCE 
Handwritten p a r t s  l i s t  
Keypunch and computer pointout  
Updating 

P a r t s  Control Procedure 

DOCUI ENTATION 

QUALITY ASSURANCE PROGRAM PLAN 
General 
Quality Program Management 
Quality Reports (Customer) 
Design Control 
Control  of Procured Material 
Government F'umished Material 
Control  of Fabricat ion 
Nonconforming Material 
Inspect ion,  Neasuring and Test Equipments 
Inspect ion Stamps 
Preservat ion,  S t o - - a p ,  Handling, Marking, Packaging and 

S t a t i s t i c a l  Qual i ty  Control  
Training and C e r t i f i c a t i o n  of Personnel 

Contamination and S t e r i l i z a t i o n  
Spec i f i ca t ions  
Ef fec t  on Par t s  
Intended Procedure 

Packing 

EFFECTS OF STERILIZATION ON rZELIABILITY 

Appendix A - DISCREPANCY REPORTING SYSTEM 

AEROSPACE 

~~ 

DIVISION 



1 
U N C L A S S I F I E D  

LIST OF ILUTSTRATIONS 

F i g w e  

. 

c 

.* 

. 

Design Review Agenda 
Design Review Checkl is t  
Design Review Recommendation Form 
Sequence of P a r t s  List Prepara t ion  
Handwritten Pa r t s  List Form 
Flow of P a r t s  List P r in tou t s  

Page 

u 
16 
18 
22 
23 
21c 

V 

AEROSPACE DIVISION 
U N C L A S S I F I E D  



8' 

8- U N C L A S S I F I E D  

DJTRODUCTIOM 

The R e l i a b i l i t y  and Qual i ty  Assurance Plan descr ibed  i n  t h i s  document 
e s t a b l i s h e s  t h e  minimum requi renents  for an orpanized,  comprehensive reli-  
a b i l i t y  plan as p a r t  of t h e  Space Probe Radar Al t imeter  (SPRA) program. It 
d e a l s  wi th  t h e  e f f o r t  of t h e  Westinphouse E l e c t r i c  Corporation, Aerospace 
Divis ion,  during a l l  phases of t h e  a l t i m e t e r ' s  des ipn ,  development and pro- 
duct ion.  The p lan  complies f u l l y  with NASA document NPC-250-1, " R e l i a b i l i t y  
Program Provis ions for Space System Contractors ."  

The descr ibed  plan i n t e g r a t e s  t h e  r e l i a b i l i t y  t a s k s  requi red  by t h e  SPRA 
wi th  t h e  s k i l l s  of t h e  Aerospace Div is ion ' s  R e l i a b i l i t y  Engineering Depart- 
ment. 
which are t h e  r e s u l t s  of Westinghouse experience on o t h e r  s u c c e s s f u l  r>JASA 
programs. Such program have been t h e  Gemini Rendezvous Radar, t h e  Lunar 
Telev is ion  Camera, and t h e  Environmental Xeasurenents Ekperiment for t h e  ATS. 

The t a s k s  ou t l ined  are implemented wi th  proven procedures and techniques  

Vest inghouse experience ind ica t e s  t h a t  t echnic  a1 compliance with c o n t r a c t  
p rovis ions  a lone  w i l l  not  cguarziritee a r e l i z b l e  product.  
be l i eves  t h a t  t h e  chances of producing a r e l i a b l e  product w i l l  be c r e a t l y  
increased  i f  t h e  provis ions  of t h i s  plan a r e  followed, both t e c h n i c a l l y  and 
i n  s p i r i t .  

However, t h e  company 
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hestinphouse w i l l  exe rc i se  e f f e c t i v e  r e l i a b i l i t y  c o n t r o l  over  a l l  i n -  

( a )  

(b )  

p l an t  and purchased products by implerrienting t h e  follov~ n€ p r o p m i :  
Apportioninp the  r e l i a b i l i t y  requirements t o  a l l  components o f  t h e  

s y  st eni.  

€iequiring s u p p l i e r s  t o  determine a l l  p e r t i n e n t  o p e r a t i n p  character-  
i s t i c s  and strenp-ths of  a l l  ma te r i a l s ,  components and p a r t s  used i n  t h e  system 
under t h e  a n t i c i p a t e d  ope ra t iona l  stresses and environnents.  

( c ) Providinp assurance t h a t  : 
(1) adequate s a f e t y  rrtarrins or d e r a t i n p  exists i n  a l l  p a r t s ,  com- 

ponents, and materials, such t h a t  each p a r t  and component w i l l  nleet or exceed 
i t s  apportioned r e l i a b i l i t y  requirement under a n t i c i p a t e d  o p e r a t i o n a l  l oads  
and enviroments: 

(?) t h e  d e s i p  i s  an optiniuni for .its use: and 
(3) t h e  r e l i a b i l i t y  of t h e  f i n a l  product meets or exceeds t h e  speci-  

f i ed  requirements . 
( d )  Planninc and conductinr t e s t  p r o p a r i s  s o  t h a t  t h e  t e s t  r e s u l t s  can 

v a l i d a t e  p r e d i c t i o n s  and assuuiptions ~r,ade i n  ana lys i s .  
( e )  E s t a b l i s h i n y  procedures t o  ensure t h a t  t h c  inhe ren t  r e l i a b i l i t  JT 

a t t a i n e d  i n  t h e  design w i l l  be maintained d u r i n c  f a b r i c a t i o n  and t e s t i n p .  
( f )  E s t a b l i s h i n y  r e p o r t i n g  procedures which wj 11 a13 ow NASA t o  conven- 

i e n t l y  monitor a l l  phases of t h e  p r o p a - n .  
Equipment s t e r i l i z a t i o n  for deep space probes may depr2de t h e  character-  

i s t  i c s  of some conipanent p a r t s .  
problem and w i l l  e s t a b l i s h  con t ro l s  on t h e  SPI1A propran) such as desipn frorn 
an approved l i s t  of  p a r t s  p lus  sample t e s t i n g  t o  ensure a d h e r e m  t o  s p e c i f i c a -  
t ions .  

1Lestinghouse has previously s tud ied  t h i s  

3 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



@- U N C L A S S I F I E D  

Prop;rarn Di rec to r s  

The d i r e c t  r e s p o n s i b i l i t i e s  f o r  t h e  SPItA r e l i a h i l i t y  and q u a l i t y  l i e  w i t h  
t h e  Propam I.,anaeer. 
r e s p o n s i b i l i t i e s  a r e  de l eca t ed  t o  two propram s p e z k l i s t s ,  t h e  Di rec to r  of 
l i e l i a b i l i t y  Eripineerinp and t h e  Director  of Gua l i ty  Control. 

13ecause o f  t he  importance of t h e  t a s k ,  however, t h e s e  

The Di rec to r  of l i e l i a b i l i t y  Enpineerini- i s  p r i m a r i l y  concerned w i Lh t h e  
d e s i j n  phase of  t h e  proprani. 
subsequent manufacture of t h e  SPIZk system. 
house Aerospace Uivision c l o s e l y  coordinates t h e s e  two effort ,s  t o  ensure cont in-  
u i t y  from development throuph production of t h e  system, 

The Director  of  Q u a l i t y  Control oversees t h e  
t'is a mat te r  of pol icy,  t h e  '"estinc- 

rlespons i b i l i t  i e s  

1 he o v e r a l l  r e s p o n s i b i l i t y  of tile i l i r e c t o r  cJf 3cl l a b i l i t y  Iky inee r iny  
i s  t o  impleriient t h e  t a s k s  described i n  t h i s  proprnm plan. i i idinr h i r ,  are the  
s p e c i a l i s t s  i n  t h e  Aerospace Division Systems l l e l i ab i l i t , y  Engineerinc and 
Component P a r t s  Enpineerinp p o u p s .  

The D i r e c t o r ' s  s p e c i f i c  r e s o n s i b i l i t i e s  a r e  t o :  
( a  ) 
( b )  

( c )  
((1) 

( e )  

prepare and implement the  ~ i e l i a b i l i t y  ProCrarn PI.=. 
organize and con t ro l  a r e l i a b i l i t y  ope ra t ion  aLiecuate t o  execute 

f o m u l a t e  and apply  t h e  procedures r equ i r ed  t,o execute t h e  prorram. 
coordinate  t h e  l i e l i a b i l i t y  and !duality Control operat ions with t h e  

continuousljr monitor t h e  r e l i a b i l i t y  a s p e c t s  of  t h e  proprun and 

tlie proL,rarx @an. 

D i r e c t o r  of 1umlit.y Control. 

keep psoJect personnel,  p ro j ec t  n.anacement, and t h e  customer ab reas t  o f  t h e  
s t a t u s  of t h e  r e l i a b i l i t y  e f f o r t .  

i l e i i a b i l  i t y  Control 

h o t h e r .  requirement for pood system desipn i s  a pootl Vmrkinp; r e l a t i o n s h i p  
betrreen r e l i a b i l i t y  enpineerinj; personnel and t h e  de t a i l .  design enpineers.  
To a s s u r e  t h a t  optimum techniques are used, t h e  d e s i m  enFineers will be 
provided with : 

(2) 
and assemblies for which t h e  designer  i s  responsible .  

( b )  
i n t e r f a c e  and i n t e r a c t i o n  requirements. 

( c )  
c i r c u i t  and heat  transfer.  

(d) 
r a t i n g s  and f a i l u r e  rates. 

t h e  currez t  r e l F a h F l i t , y  apportionments and e s t ima tes  f o r  t h o s e  p a r t s  

a l l  o t h e r  design requirements such as performance, space, weipht, 

a l l  p e r t i n e n t  analyse; such as design conf igu ra t ion ,  f a i l u r e  effect,,  

p r e f e r r e d  par ts  lists with p a r t s  c h a r a c t e r i s t i c s  such as t o l e r a n c e s ,  

. 
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R e l i a b i l i t y  Indoc t r ina t ion  and Trainin[: 

During this program t h e r e  w i l l  be two l e v e l s  of  i n d o c t r i n a t i o n  and 
t r a i n i n c .  

Engineeririf? and manap,ernent. - R e l i a b i l i t y  i n d o c t r i n a t i o n  and t r a i n i n y  a t  
t h i s  l e v e l  i s  a continuous propram a t  t h e  Aerospace Divis ion,  
management and engineer ing personnel w i th  t h e  unique r e l i a b i l i t y  a spec t s  of 
t h i s  prop-am, infornial r e l i a b i l i t y  t r a i n i n g  s e s s i o n s  w i l l  be conducted du r inp  
t h e  program. 

To provide 

- 
Nanufacturing, t e s t  and handl inc personnel.-The personnel involved i n  

bu i ld inp ,  t e s t i n g  and handliny t h i s  equipment w i l l  be t r a i n e d  throuch a 
series o f  motivation and t r a i n i n g  c l a s s e s  conducted by t h e  Qual i ty  Assurance 
Group. This  program w i l l  be descr ibed l a t e r  under t h e  Q u a l i t y  P r o p a m  Plan. 

Subcontractor and Supp l i e r  Control 

Subcontractors and vendors w i l l  be surveyed 1,o a s s u r e  t h a t  t h e  r equ i r ed  
r e l i a b i l i t y  i s  achieved during design, and t h a t  t h e  q u a l i t y  of t h e i r  products  
i s  maintilined throu:lhout t h e  program. 

The followinp s t e p s  will assu re  t h e  meeting of these goals :  
( a )  

(b) 

( c )  

( d )  

( e )  

Each vendor w i l l  be surveyed as t o  c a p a b i l i t y  of meetiny t h e  re- 

The vendor w i l l  be inspected p e r i o d i c a l l y  t o  determine compliance 

Where required,  t h e r e  w i l l  be source i n s p e c t i o n  by 1/'estinyhouse 

llecords w i l l  be kept of  vendor perfomiance i n  t h e  areas of q u a l i t y  

Purchased p a r t s  w i l l  be t e s t e d  p e r i o d i c a l l y  t o  a s s u r e  t h e i r  

l i a b i l i t y  and q u a l i t y  requirements. 

with Lhe r e l i a b i l i t y  and q u a l i t y  requirements. 

i n spec to r s .  

and r e l i a b i l i t y  and pe r iod ic  reviews w i l l  be held t o  determine conpljance.  

i n t e g r i t y  a f t e r  decontamination and s t e r i l i z a t i o n .  This  t e s t  program w i l l  
be monitored by t h e  r e l i a b i l i t y  engineer  t o  ensure c l o s e  follow-up and 
connection i n  problem areas, 

The prime responsi- '~~ i l i  t y  f o r  c o n t r o l  of subcon t rac to r s  and s u p p l i e r s  
rests wi th  t h e  q u a l i t y  assur;sr:q:e group. However, t h e  r e l i a b i l i t y  a s p e c t s  
of c o n t r o l  w i l l  be coordinated wi th  r e l i k h  11ity engineering. 

Program Reviews 

The Director  of R e l i a b i l i t y  Engineering and t h e  NASA Langley Research t 
Center (MASA/LRC ) program r e p r e s e n t a t i v e  w i l l  j o i n t l y  conduct formal reviews 
of t h e  r e l i a b i l i t y  program t o  assess t h e  proprams p rogres s  and e f f e c t i v e n e s s .  
These reviews w i l l  be documented and r e p o r t s  submitted t o  t h e  NASA/LIlC tech-  
n i c a l  o f f i c e r .  
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SYSTEI4 RELIARILTI'Y EIJGINERINC, 

R e l i a b i l i t y  Engineering i s  an i n t e g r a l  p a r t  of a l l  phases of t h e  des ign  
and development process.  
elements of t h e  SPRA r e l i a b i l i t y  engineer ing e f f o r t .  

This  s ec t ion  of t h e  prograrn p lan  desc r ibes  t h e  bas ic  

C' 

Desipn Spec i f i ca t ion  

The Direc tor  of R e l i a b i l i t y  Engineering w i l l  review and concur on a l l  
Nestinchouse-Generated drawings of f u n c t i o n a l  assemblies and a l l  spec i f  i ca-  
t i o n s  of performance and in t e r f aces .  
requirements,  p e r t i n e n t  test  c r i t e r i a ,  s a f e t y  margins, and d e r a t i n g  f a c t o r s  
are s u f f i c i e n t  t o  meet t h e  apportioned r e l i a b i l i t y  goals .  
c a t i o n s  and drawings a r e  updated a l l  changes and r e v i s i o n s  w i l l  be reviewed 
by t h e  Di rec to r  t o  determine t h e i r  e f f e c t  on r e l i a b i l i t y  p r i o r  t o  approval  
f o r  r e l ease .  

This  w i l l  a s su re  t h a t  environmental  

A s  t h e s e  s p e c i f i -  

Analysis of Fa i lu re s  and Thei r  C r i t i c a l  E f f e c t s  

An ana lys i s  of a l l  conceivable f a i l u r e s  and t h e i r  e f f e c t  on t h e  SPltA 
mission c a p a b i l i t y  w i l l  be conducted dur ing  t h e  des ign  phase. The ana lyses  
w i l l  uncover c r i t i c a l  r e l i a b i l i t y  a reas  and d i r e c t  appropr i a t e  a t t e n t i o n  t o  
them. 

I n  t h e  early des ign  s t ages  t h e  a n a l y s i s  w i l l  consider  t h e  consequences 
of f a i l u r e  a t  t h e  h igher  assembly l e v e l .  
a n a l y s i s  w i l l  be a t  t h e  c i r c u i t  l e v e l  and r e l a t e d  t o  t h e  p iece  p a r t  f a i l u r e  
a n a l y s i s  d u r h g  t h e  c i r c u i t  ana lys i s .  
involve  t h e  fo l lowing  cons ider  a t  ions: 

and f u n c t i o n a l  groups of c i r c u i t s  or components. 
ments f o r  each f u n c t i o n a l  block w i l l  be ind ica t ed  on t h e  diagram. 

procedure w i l l  be followed whereby, f o r  each block, each output  s i g n a l  i s  
assumed t o  f a i l  i n  i t s  most c r i t i c a l  p o s i t i o n  or under i t s  most adverse con- 
d i t i o n .  A l l  environmental  condi t ions  and opera t ing  s t r e s s e s  w i l l  be consid- 
ered.  Any condi t ion  whereby t h e  output  does not  meet t h e  des ign  output  
requirements  s h a l l  be denoted a f a i l u r e .  
atior; sf a l l  conceivable  f a i l u r e  modes a t  t h e  c i r c u i t  level and higher .  

of assembly and on t h e  mission c a p a b i l i t y  w i l l  be included i n  t h e  f a i l u r e  
modes and f a i l u r e  e f f e c t s  report .  

margin, and t h e  d e r a t i n g  at high temperature.  

o r  badly degraded; 11. Equipment s l i g h t l y  degraded; III. Equipment not  
a f f e c t e d ,  nuisance f a i l u r e  . 

I n  t h e  later design s t a g e s  t h e  

The f a i l u r e  e f f e c t  ana lyses  w i l l  

( a )  Funct ional  block diagrams w i l l  d e f i n e  t h e  opera t ion  of t h e  subsystem 
The des ign  output  requi re -  

(b) It s h a l l  be assumed t h a t  each block f a i l s  i n  tu rn .  A systematic  

The procedure w i l l  a s su re  consider- 

( c )  Symptoms and consequences of each f a i k r e  82 t h e  next h ipher  level 

(d) 

( e )  Fa i lu re s  w i l l  be c l a s s i f i ed  as fol lows:  I. Equipment inope ra t ive  

Also included w i l l  be a numerical  p r o b a b i l i t y  of f a i l u r e ,  a safety 

7 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



U N C L A S S I F I E D  -@ 
( f )  If tests are necessary t o  v e i f y  t h e  consequences of assumed failures,  

t e s t  plans w i l l  be submitted t o  NASA/LRC f o r  approval p r i o r  t o  s t a r t i n g .  

R e l i a b i l i t y  Apportionment 

To achieve t h e  o v e r a l l  system r e l i a b i l i t y  goals ,  t h e  re l iabi l . i ty  require- 
ment w i l l  be apportioned among t h e  v a r i o u s  system components, Such apportion- 
ment w i l l  be on t h e  b a s i s  of t h e i r  relative complexity and relative importance 
t o  t h e  success  of t h e  mission as i n d i c a t e d  by t h e  f a i lu re  effects ana lys i s .  
Refinement of  t h e  apportionment during t h e  progress  of t h e  design w i l l  reflect  
any dev ia t ions  from t h e  i n i t i a l  assignments, The monthly R e l i a b i l i t y  Progress 
Reports w i l l  document any such dev ia t ions .  

. 

R e l i a b i l i t y  C i r c u i t  Analysis 

A computer-augmented c i r c u i t  a n a l y s i s  during t h e  design phase w i l l  a s s u r e  
The computer program e a r l y  a p p l i c a t i o n  of r e l i a b i l i t y  methods and techniques.  

t o  be used i s  one developed by IBM e n t i t l e d  E l e c t r o n i c  C i r c u i t  Analysis Program 
(ECAP). 

DC Analysis - t o  check f o r  proper b i a s i n g  of semiconductors 
Standard dev ia t ion  - t o  check f o r  v a r i a t i o n  of dc vo l t ages  wi th  p a r t  

S e n s i t i v i t y  - t o  check which p a r t  parameter change causes t h e  major 

P a r t  power d i s s i p a t i o n  and vo l t age  drop - t o  check r e l i a b i l i t y  by 

AC Frequency Ilesponse - t o  check open loop  ga in  f o r  feedback c i c r u i t  

Transient  - t o  determine t h e  e f f e c t s  of t r a n s i e n t s  and t o  analyze 

This program w i l l  perform t h e  following types  of ana lyses :  
(a) 
(b )  

parameter changes 
( c )  

e f f e c t  on t h e  vol tage i n  question. 
(d )  

s t r e s s  r a t i o s .  
( e )  

s t a b i l i t y  s t u d i e s .  
( f )  

d i g i t a l  c i r c u i t s  such as f l i p - f lops .  

I n  a d d i t i o n  t o  t h e s e  s p e c i f i c  checks, p a r t  parameters can be v a r i e d  t o  
r ep resec t  t h e  e f f e c t s  of temperature,  hunudity, aging, e t c .  
e f f e c t s  on t h e  c i r c u i t  can be found. 

Thus t h e  r e s u l t i n g  

The c i r c u i t  a n a l y s i s  program w i l l  be conducted by t h e  r e l i a b i l i t y  engineer  
i n  conjllrickion with t h e  e l e c t r i c a l  and mechanical des igne r s  and t h e  p a r t s  re- 
l i a b i l i t y  c o n t r o l  engineer. 

During t h e  c i r c u i t  a n a l y s i s  program t h e  

( a )  Pa r t  performance required 
(b )  Loading 
( c  ) Environmental condi t ions 
(d )  Derating under environment 
( e )  
( f )  
( 9 )  

fol lowing cons ide ra t ions  w i l l  be 
given t o  each p a r t  i n  each c i r c u i t ;  

Expected f a i l u r e  r a t e s  w i th  ( c )  and (d) .  
Node of  f a i l u r e  i n  given enviro: ment 
Symptoms and consequences of t h e  f a i l u r e  mode on t h e  c i r c u i t  
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l i e l i a b i l i t y  Predict ions and Estimates 

I 

I 

. 

A l l  phases of t h e  design e f f o r t  w i l l  be monitored and up-to-date estimates 
These e s t ima tes  s e r v e  t o  assess t h e  progress  of  t h e  systeni w i l l  be maintained. 

i n  achievinC: t h e  s p e c i f i e d  r e l i a b i l i t y  and underscore e x i s t i n g  problem a reas .  

I l e l i a b i l i  t y  estimates w i l l  be prepared on accordance with ?IIL-STD-756AY 
"IGlitary Standard R e l i a b i l i t y  Prediction.Il 
t h o s e  of IE1-IIdbk-217Ay ltiIilitary Standard R e l i a b i l i t y  Predicl, i-oil,  It 

more f avorab le  f a i l u r e  rates based on s e l e c t e d  proven pw*t,h ~l+,"/ be used 
s u * ) j e c t  t o  approval by NASA/LHC. 
support ing d a t a  such as environmental tml w s u l t s ,  a v a i l a b i l i t y ,  e t c .  

The f aibire T * % ' , ~ Y  used will be  
However, 

Consideration of approval  w i l l  be  based. on 

Periodic  s t a t u s  r e p o r t s  w i l l  be submitted t o  NASA/LRC comparinp t h e  re l ia -  
b i l i t y  e s t ima tes  with %he apportioned r e l i a b i l i t y  requirements and p o i n t i n g  
out t h o s e  a rws  of a n t i c i p a t e d  cr p o t e n t i a l  t r o u b l e .  

Ikview of Parts Reli .abi l i ty  Data 

A l l  vendors supplying p a r t s  f o r  f l i g h t  hardware are required t o  f u r n i s h  
s e r i a l i z e d  acceptance and q u a l i f i c a t i o n  d a t a  with t h e  par5s. As p a r t  o f  
t h e  r e l i a b i l i t y  c o n t r o l  progrmi t h e  r e l i a b i l i t y  enpineer  w i l l  review t h i s  
d a t a  p r i o r  t o  r e l e a s e  o f  t h e  p a r t s  t o  s t o r e s .  

. The d a t a  w i l l  be reviewed and compared t o  t h e  p r t  reauirenients t o  d e t e r -  
mine ' t h e r e  exists any abnormality which may i n d i c a t e  a marpinal condi t ion.  
If an ab:iormality i s  found Lhe vendor w i l l  be contacted and c o r r e c t i v e  a c t i o n  
taken p r i o r  t o  r e l e a s e  OP t h e  p a r t s  t o  s t o r e s .  - 

F a i l u r e  Reportin? , Analysis , a n d  Correct ive Action 

All d i sc repanc ie s  or f a i l u r e s  ozcurr inp i n  Ihe SPWL propram w i l l  be pro- 
cessed by t h e  1 'estinghouse Discrepancy Heportinc and Correct ive Action Propam. 

The first element of  t h i s  r:A-ogram a f f e c t s  t h e  i n d i v i d u a l  p i ece  p a r t s  as 
it i s  de l ive red  t o  t h e  Aerospace Division. 
use it i s  measured and t e s t e d  for  copfomiance t o  app l i cab le  Tr'estinFhouse 
purchased p a r t  requirements, and t h e  vendors t e s t  d a t a  i s  reviewed. 

Before t h e  p a r t  i s  accepted f o r  

If a prt, does not conforni t o  a l l  requirements of t h e  drawing, t h e  l o t  
of p a r t s  i s  held,  and a ; , a t e r i a l  ILejectiurl ::stice (TGJT) i s  w r i t t e n .  
Goes t o  t h e  Naterial Review Panel c o n s i s t i n p  of a Q u a l i t y  Control Engineer, 
a P a r t s  R e l i a b i l i t y  ContmLEngineer, and a P ro jec t  Design Enpineer. 
ana lyzes  t h e  l3U!<, decides  upon t h e  proper c o r r e c t i v e  a c t i o n ,  ana determines 
t h e  d i s p o s i t i o n  of t h e  p a r t s .  

The MRIJ 

This  panel  .* 

The nexL'element of  t h i s  program occurs a t  t h e  assembly s tage.  If at t h i s  
s t a p e  a p a r t  i s  damaped o r  found t o  be d e f e c t i v e ,  a Defect ive AppraAus ( D A )  
t a g  i s  f i l l e d  out and at tached t o  t h e  equipment. 
takes c o r r e c t i v e  a c t i o n  on each de fec t  and maintains  a f i l e  which i s  monitored 
p e r i o d i c a l l y  t o  determine i f  t h e r e  i s  a s i g n i f i c a n t  t r e n d  of d e f e c t s .  

The Qua l i ty  Assurance group 
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U N C L A S S I F I E D  -8 
Once a subassembly o r  module has  progressed t o  t h e  c i r c u i t  check l e v e l  a l l  

d i sc repanc ie s  t h e r e a f t e r  a r e  processed using t h e  discrepancy r e p o r t i n p  system 
and r epor t  forrri UA514.4 (see Appendix A ) .  

The discrepancy reportint.; system is  a d e t a i l e d  procedure t o  c o l l e c t  d a t a  
on f a i l u r e ,  maintenance, and consumption data, and t o  provide accu ra t e  and 
t ime ly  transrrl i t tal  of t h i s  da.ta t o  a l l  departments concerned. 

Ureadboard phase f a i l u r e s .  -Fai lures  o r  d i sc repanc ie s  occur r inp  during t h e  

It w i l l  be t h e  R e l i a b i l i t y  Enpineer 's  r e s p o n s i b i l i t y  
enCineerinlT breadboard phase w i l l  be reported d i r e c t l y  t o  t h e  l i e l i a b i l i t y  
E n g i n e r  on forni I3A5llcl+. 
t o  i n i t i a L e  a c t i o n  t o  have t h e  f a i l u r e  analyzed and t o  e s t a b l i s h e d  a feedback 
l o o p  such t h a t  t h e  required c o r r e c t i v e  a c t i o n  i s  taken. A f i l e  o f  a l l  bread- 
board f a i l u r e s  w i l l  be maintained f o r l ' e s t i n g h o u s e  internal.  use t o  a s s u r e  
adequate r e l i a b i l i t y  coverape of this phase of  t h e  prot:ram. 
r e p o r t s  w i l l  not normally be submitted t o  NASA/L11C but may be reviewed upon 
request, . 

Breadboard f a i l u r e  

Enpineerinc niodel and q u a l i  f i c a t i o n  system f a i l u r e s .  -Every f a i l u r e  and/or 
discrepancy occurr ing i n  Enpineerinc 1;odel o r  C u a l i f i c a t i o n  systems w i l l  be  
reported t o  NAL/\/LItC. The discrepancy r epor t  nur;,bcr wi 11 be recorded with 
t h e  f a i l u r e  d a t a  i n  t h e  system 10) Look a l o n r  w i t h  t h e  f a i l u r e  d a t a .  The 
discrepancy r epor t  and f a i l e d  p a r t  w i l l  be routed t o  the  R e l i a b i l i t y  Enpineer. 

2 
Tlle l l c l i a b i l i t y  Ihp inee r  i s  r e spnns ib l e  f o r  processinp t h e  discrepancy 

( a )  Tabulate t h e  f a i l u r e  allti p e r t i n e n t  d a t a  and inform re spons ib l e  

( I ) )  Prepare and forward 
( c )  Porward t h e  discrepancy r e p o r t  form and p a r t s  t o  t h e  product r e l i ab i l -  

i t y  assur:ince l abora to ry  for a n a l y s i s ,  i f  required.  
( t i )  l h e n  required r e t u r n  t h e  f a i l e d  p a r t s  t o  t h e  s u p p l i e r  f o r  a n a l y s i s  

and c o r r e c t i v e  ac t ion .  
( e )  Tabulate t h e  r e s u l t s  of t h e  f a i l u r e  a n a l y s i s  and b r i n p  them t o  t h e  

a t t e n t i o n  of  t h e  responsible  d e s i r n e r s  and prop,arri manapenient . 
( f )  Tabulate t h e  c o r r e c t i v e  a c t i o n  measures and fol low up t o  a s s l ' r e  i t s  

e f f e c t  ivcness  . 
( I , )  Forward a conplete  f a i l u r e  r epor t  t o  NASA/LlX. 

i nc lude  the f a i l u r e  r epor t  number, d a t e  of f a i l u r e ,  system ser ia l  number, n a t u r e  
of f a i l u r e ,  t e s t  procedure reference,  cause, e f f e c t  on system, r e p a r a 3 i i i t y ,  
a n d  t h e  c o r r e c t i v e  ac t ion .  

r epor t  as fol lows:  

des  ipn en[' ineer.  
t o  NkLA/LIX a r e p o r t  of  t h e  f a i l u r e .  

This  r epor t  w i l l  

Product ion phase f a i l u r e s .  -The f a i l u r e  r e p o r t i n g ,  a n a l y s i s  and c o r r e c t i v e  
a c t i o n  procedures f o r  t h e  production phase (beginning wi th  t h e  production 
p ro to types )  of  t h e  program w i l l  be i n  accordance w i t h  t h e  Q u a l i t y  Assurance 
P ropam Plan described l a t e r .  
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Environmental E f f e c t s  on R e l i a b i l i t y  

A study w i l l  be made of t h e  e f f e c t s  on r e l i a b i l i t y  due t o  t h e  environments 
encountered du r inc  s t e r i l i z a t i o n ,  s torage,  handlinp and mai.ntenance of t h e  
completed systerr!. 
t o  t h e  f i na l  r epor t  on a n a l y s e  of f a i l u r e s  and t h e i r  c r i t i c a l  e f f e c t s .  

The r e s u l t s  of t h i s  s t u d y  w i l l  be included as an appendix 

Design Review Procedures 

The fol lowing d i scuss ion  de f ines  t h e  requirements f o r  e s t a b l i s h i n ? ,  con- 
duct ing,  and documenting reviews of t h e  SPIU d e s i g x .  

Design reviews w i l l  be held on a l l  desipns and t h e r e  w i l l  be s p e c i a l  
des ign  reviews as required t o  examine maJor chanpes t o  t h e  d e s i w .  

Objective.-The o b j e c t i v e  of  t h e  design review i s  t o  promote opt,imum 
cons ide ra t ion ,  implementation and documentation of a l l  desipn f a c t o r s  a t  key 
p o i n t s  i n  t h e  design cycle .  It i n  no way r e l i e v e s  t h e  design enpineer or" 
r e s p o n s i b l l i t y  f o r  t h e  d e s i p .  

Desim revieir l e v e l s ,  -Design reviews w i l l  be conducted a t  t h e  fol lowing 

( a )  ILodule 
( b )  Subassembly 
( c  ) V ' i r i n ~  (subsasserribly in t e rconnec t ions )  
( d )  System 

equipment levels  : 

Schedule. - D e s i p  reviews will be scheduled as required i n  t h e  R e l i a b i l i t y  

(a)  Funct ional  concept 
(b)  E l e c t r i c a l  des ipn  
( c )  l iechanical design and packacing 
(d )  R e l i a b i l i t y  
( e )  Produc i b i l i t y  
( f )  Environmental sti-ess 
(g) \!eight and mechanical stress 
( h )  
(i) Test  provis ions 
( 5  ) S a f e t y  and o p e r a b i l i t y  
( k )  IIuman f a c t o r s  

Prop,ram Plan schedule. Design f a c t o r s  t o  be considered a t  each review a r e :  

Compatibi l i ty  with o the r  systems and hardware 

1nventoq.-The design review inventory i s  a w r i t t e n  a n a l y s i s  of  a new or 
changed design, cilrrent a t  t h e  time of t h e  des ign  review f a r  which it i s  
prepared. 
program and are a s e m b l e d  
of t h e  inventory a r e :  

Design inven to r i e s  a r e  maintained cont inously throughoL.1; t h e  desfm 
f o r  p re sen ta t ion  at each design review. Contents 
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( a )  Desi rn llequirenients 

(1) F, l ec t r i ca l  performance 
( 2 ) )  hechanical  
(3 ) l l e l i a b i l i t y  
(4)  Environmental 
( 5  ) Lpec i f i c a t i o n s  

(b )  Circuit, Uesipn Concepts 
(1) ];lock dinjrrani 
(2) :,cherncttic tiiapram 
(3) LIescription of c i r cu i t ,  operat ion 
( l + )  Parts l i s t  
( 5 )  i d t e r n a t e  d e s i p s  considered 

(1 ) I,echanical layout  
( 7 )  
(3)  beiyht  
(4) Coolinp 

( d )  l i e l i a b i l i t y  
(1) Iiequirernent,s 
(2)) Lstimate 
(3 )  L t r e s s  anolysi  s 
(/+) Parts  a p p l i c a t i o n  d a t a  
( 5 )  Problerr, a r e a s  
(6) 
( ‘ 7 )  Pa i lu re  h i s t o r y  

(1) U e s i p  c a l c u l a t i o n s  
(2) Tolerance : I u r i i c  _I 

( 3  ) I. ti i l u r e  mode arialys is 
( /+)  Fa i lu re  c f f e c t  a n a l y s i s  
( 5 )  Computer c i r c u i t  a n a l y s i s  

(f ) l ’ c s t  P rov i s  ions and liequirenients 
(1) Desi)?? t e s t  data  on breadboard models 
(2) U e s i p  acceptance tes t  requirements 
(3 )  ’ u a l i f i c a t i o n  t e s t  requirer:,ents 
( 4 )  P r o h c t i o n  t e s t  procedures 
( 5  ) 7 est equiprr,en-t, 
(6) S t e r i l i y a t i o n  t e s t  requiren,ent,s 

( c )  Iiechanical Desipn Comept 

I lechnnicnl s t r e s s  cons idc ra t i  ons 

Spec ia l  and/or c r i t i c a l  p a r t s  d a t a  

( e )  C i r c u i t  i inalysis 

Desirn lleview Pane l  

hembers. -herhers  of  t h e  desipn review panel are : 
7-ai rman (ProSect R e l i a b i l i t y  D i r e c t o r )  
(b )  

( c )  ~leview panel Sdcretary 
( d )  Consultants 

Design Encineers r e spons ib l e  i n  t h e  areas t o  be reviewed, i . e . ,  e l ec -  
t i ’ i c a l ,  nrechanical, t e s t  e t c .  
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I!Istjes of t h e  chairman.-The panel chairman's d u t i e s  are t o :  
( a )  E s t a b l i s h  design reviews and schedule 
( b )  D i s t r i b u t e  w r i t t e n  n o t i c e  and agenda of meetings, p lus  des3p-n material 

such as schematics, drawinps, e t c .  
( c )  Assist i n  Lhe s e l e c t i o n  of s p e c i a l i s t s  with appropr i a t e  experience t o  

a c t  as d e s i e  consul tants .  
( d )  Conduct t h e  desipn review meetinps 
( e )  Assure recordin@ and d i s t r i b u t i o n  of cieetinp minutes 
( f )  Take necessary a c t i o n  t o  implement and fol low up t h e  review p a n e l ' s  

( f )  Assure documentation o f  all a c t i o n  i tems and maintenance o f  a per- 
recomnendat i ons  

manent design review f i l e .  

Duties of responsible  desipn engineers.-The d e s i p  enpineers  are r e spons ib l e  
f o r  assemblinp t h e  desipn review inventory. 
inventory material t o  t h e  chairman f o r  d i s t r i b u t i o n  t o  t h e  panel n.errtbers 
p r i o r  t o  t h e  nee t ine .  This information must, be made a v a i l a b l e  i n  advance 
of  t h e  meetinf- t o  a l low t i m e l y  a n d a d q u a t e  review o f  t h e  desipn p r i o r  l,o t h e  
meeting by the  d e s i p  pariel mmbers. 

They w i l l  provide copies  o f  t h i s  

Duties o f  t h e  secretary.-The s e c r e t a r y  of  t h e  desipn review panel w i l l  
record t h e  minutes of  t h e  design review rxetiny; and maintain a conplete  
inventory f o r  t h e  desiFn review f i l e .  
chairman i n  implementinE t h e  admin i s t r a t ive  a spec t s  of t h e  d e s i p  c e v i e w .  

The s e c r e t a r y  v , i l l  g e n e r a l l y  assist t h e  

consultanLs.-Design consu l t an t s  w i l l  be s e l e c t e d  from personnel competent 
t o  eva lua te  t h e  p a r t i c u l a r  f i e l d  represrxted.  
both from vJii5ii.n and ou t s ide  enpineerinE, from groups which are not connected 
wi th  t h e  SPflk p r o j e c t .  

The co-nsultants w i l l  be s e l e c t e d ,  

Each consul tant  w i l l  be responsible  f o r  e v a l u a t i n c  t h e  design i n  th.e f i e l d  
of  h i s  s p e c i a l t y  and f o r  s tudying t h e  design review inven to ry  material. 

Each consul tant  w i l l  be required t o  s t a t e  t h a t  t h e  f a c t o r s  of h i s  s p e c i a l t y  
have been considered and t h a t  t h e  design f u l f i l l s  a l l  r equ i r enen t s ;  or t h a t  
t h e  design i s  inadequate,  
c o r r e c t  t h e  problem. 

I n  t h e  l a t t e r  case he w i l l  recommen-1 chances t o  

Desi@ Review Administration 

Ar;erik.-The ci,esF,~ review agenda i s  a b r i e f  o u t l i n e  of  t h e  design review 
meeting o rde r  of business .  It  a s s i p s  r e s p o n s i b l l l t g  te s p e c i f i c  review panel 
members and/or responsi.ble engineers f o r  pre  pa r ing  major po r t ions  of t h e  
des ign  review material. The agenda w i l l  zccompany a formal n o t i c e  of  t h e  
l o c a t i o n ,  tirile and schedule d a t e  of  t h e  design review. 
t h e  form of  such an agenda. 

Figure 1 i l l u s t r a t e s  
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Space Probe Radar Altimeter 

Design Review Agenda 

Subject  of  Review Uate 

Location T i m e  

P a r t i c i p a n t s  : 

Chairman : 

Secre t a ry  : 

Design Eni:ineer: 

Consultarits : 

1.0 

2.0 

3 .O 

4.0 

5.0 

Introduction 

Review of design inventory 
f o r  completeness 

Presentat ion of  t h e  d e s i r n  

lleview and d i scuss ion  of t h e  
design per  check l i s t  

Preparat ion of recornrendat i on  
forms f o r  s u b m i t t a l  t o  t h e  
chairman 

Ch airman 

Chairman 

Desigri Engineer 

Review P a i e l  

Review Panel 

. -  
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Checkl is t .  -'l'he design review check l i s t  i s  a d e t a i l e d  l i s t  of t h e  d e s i s  
f a c t o r s  t o  be considered i n  t h e  review. Each itern w i l l  be examined and i t s  
d i s p o s i t i o n  recorded on t h e  l ist .  
or inadequate,  a suriunary of t h e  d e s i p  review i s  naintained.  
i s  round t o  be inadequate or niar?irial, recommendations w i l l  be made by t h e  
review panel f o r  c o r r e c t i v e  a c t i o n ,  Pipure 2 i l l u s t r a t e s  such a c h e c k l i s t .  

By i n d i c a t i n g  whether t h e  desi,gn i s  adequate 
Ti?ien t h e  design 

Reconunendat i on. -1 r i t t e n  recommendations by t h e  review pane l  t o  i n v e s t i  Fate 
or change t h e  desipn will be made b;- t h e  panel  chairman a t  t h e  end of  t h e  meet- 
i n g  on t h e  recormendation form provided. 
review minutes a s  a c t i o n  items. 

They w i l l  be recorded i n  t h e  desipm 
?he recommendation form appears i n  Yipire 3. 

Action items. -The p ro jec t  Re l i ab i l l  t y  D i rec to r  w i l l  be respons-i b l e  for 
follow-up of a l l  a c t i o n  i tems. 
of t h e  r e s u l t s  of t h e  i n v e s t i p a t i o n  w i l l  be prepared and s e n t  t o  all members 
of the review panel for t h , i r  approval. \,hen necessary,  a s p e c i a l  desipn 
review will eva lua te  t h e  proposed chanpes. 

As t he  a c t i o n  i t e n s  a r e  closed, a f u l l  report 

I'ile.-ii coraplete d e s i p  review f i l e  will be naintained on each i t e r  re- 
viewed. T h i s  f i l e  will include a cor.iplete desil;n l r i - ~ e - . ~ f ~ r  , t h e  desiyn review 
minutes, and t h e  complete desirn review h i s t o r y  of t h e  iter;,. 
i nc lude  copies  of a l l  recommendations, the  r e s u l t s  of i n v e s t i p a t i o n s ,  chanpes, 
and t e s t  da t a .  

The f i l e  w i l l  

. 

15 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



U N C L A S S I F I E D  -8 

l 

I .  1 .  

16 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



0- U N C L A S S I F I E D  

r r 
c L 

I 

I 
CQ 

H 
L 

17 
AEROSPACE DIVISION 

U N C L A S S I F I E D  



U N C L A S S I F I E D  -@ 

Space Probe 1lads.r Alt imeter  

Des:i.Cn Iteview Recommendations 

To : 

From: 

Area of Respons ib i l i t y  

l)esi,qn lleview Panel Chairnan 

I recormend t h a t  t h e  fol lowing ite,-x; t e  investii:ated 
f o r  t h e  reasons as ind ica t ed :  

I4eet iny: Date : 

Subject of Eeview: 

Level of Iieview: 
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PARTS RELIABILITY E N G I N B R I N G  

Scope 

Within t h e  Aerospace Divis ion t h e  r e s p o n s i b i l i t y  f o r  implementinc an 
e f f i c i e n t  p a r t s  c o n t r o l  program rests with t h e  P a r t s  R e l i a b i l i t y  Section. 
That group maintains  an e f f i c i e n t  p a r t s  c o n t r o l  program by: 

( a )  
(b) 

(c )  

(d)  

S t a r t i n g  c o n t r o l  a t  t h e  ind iv idua l  des ign  engineer l eve l .  
Vesting r e s p o n s i b i l i t y  f o r  t h e  p a r t s  c o n t r o l  por t ion  of a given 

Providing a convenient method f o r  ob ta in ing  proper p a r t  s e l e c t i o n  

Using a b u i l t - i n  process  as t h e  system des ign  progresses  so t h a t  

system with a s i n g l e  p a r t s  c o n t r o l  engineer.  

and app l i c  a t  ion. 

p a r t s  are se l ec t ed ,  appl ied,  and derated t o  a predetermined m a x i m u m  al lowable 
p a r t  f a i l u r e  rate c o n s i s t e n t  with t h e  system r e l i a b j l i t y  requirement. 

( e )  
( f )  

( g )  

Ninimizinp; t h e  number of p a r t s  and/or p a r t  types used i n  t h e  system. 
Developing a p a r t  te .s t  program t h a t  is c o n s i s t e n t  with t h e  system 

Providing an automated method f o r  accumulating p a r t  f a i h r e  rates 
r e l i a b i l i t y  regui rements. 

and i n d i c a t i n c  where, what, and how many p a r t s  are requi red  both p r i o r  t o  
and a f t e r  release of des ign  drawings. 

t h e  system r e l i a b i l i t y  requirements. 
(h)  I n i t i a t i n g  p a r t s  drawings, as requi red ,  t h a t  a r e  cons i s t en t  with 

Parts Control Nethods 

P a r t  c o n t r o l  on t h e  SPRA program at  t h e  Aerospace Division w i l l  be 
accomplished v i a  t h e  followin[? techniques.  

Selection.-There w i l l  be con t ro l l ed  s e l e c t i o n  of a l l  system parts :  
' m e f e r r e d  p a r t s  l i s t  w i l l  be prepared i n  t h e  i n i t i a l  des ign  phase 

by t h e  P a r t s  R e l i a b i l i t y  engineer i n  conJunction with P a r t s  Reliability 
s p e c i a l i s t s  and t h e  p ro jec t  design sec t ion .  
is  es t ab l i shed ,  add i t ions  w i l l  not be permiss ib le  un le s s  it i s  es t ab l i shed  
t h a t  a p a r t  not  l i s t e d  provides t h e  requi red  funct ion.  
w i l l  not au tomat ica l ly  be added t o  t h e  approved l i s t ,  each p a r t  being con- 
s i d e r e d  i n  view of t h e  o v e r a l l  requirements. 

Sec t ion  of t h e  p r o j e c t  t o  c o n t r o l  p a r t  s e l e c t i o n  and app l i ca t ions .  

Once t h i s  prefer red  p a r t s  l i s t  

Approved dev ia t ions  

(b) A p a r t s  c o n t r a 1  engineer (PCE) w i l l  be assigned t o  t h e  R e l i a b i l i t y  

Application.-As it i s  se lec ted ,  t h e  appliecl+,ic?r? nf each p a r t  w i l l  be con- 
t r o l l e d .  
p r i o r  t o  approval: 

( a )  
(b)  
( c )  

The fol lowing quest ions w i l l  be answered f o r  each p a r t  a p p l i c a t i o n  

Is t h e  p a r t  designed f o r  t h e  intended func t ion?  
N i l 1  it meet t h e  s t e r i l i z a t i o n  requirements? 
Has t h e  p a r t  been properly dera ted  t o  make t h e  app l i ca t ion  consis-  

t e n t  with t h e  des ign  goa ls?  
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(d)  Considering t h e  system environmental requirements,  does t h e  

p a r t ,  as applied,  have an a n t i c i p a t e d  f a i l u r e  r a t e  c o n s i s t e n t  with the 
system r e l i a b i l i t y  goal,  schedule, and a v a i l a b l e  funding? 

DrawinEs. -Part s p e c i f i c a t i o n  c o n t r o l  drawings w i l l  be prepared f o r  
procuring t h e  d e s i r e d  p a r t  when t h e r e  is  no a p p r o p r i a t e l y  s p e c i f i e d  p a r t  
ava i l ab le .  
ment s : 

These drawings w i l l  con ta in  as a minimum t h e  fol lowing require-  

(a) E l e c t r i c a l  performance 
(b) Ilechanical requirements 

(1) dimensions and weiEht 
(2) cons t ruc t ion  
(3) l ead  material and f i n i s h  

( c )  ilarkiny: 
(d )  Quality assurance provis ions 

(1) q u a l i t y  c o n t r o l  requirements 
(2) s t e r i l i z a t i o n  requirements 
( 3 )  q u a l i f i c a t i o n  tests . methods 

d a t a  required 
( 4 )  acceptance t e s t s  and s e r i a l i z e d  d a t a  r equ i r ed  
Qualified vendors s e l e c t e d  and l i s t e d  as s u p p l i e r s  

(1) 
(2) 
Proper packa:.rinp f o r  s t e r i l i z a t i o n ,  s to rage ,  and handliny;. 

( e )  
( f )  I i e l i a b i l i t y  requirements 

l o t  t o l e r a n c e  percent  de fec t ive  (LTPD) or f a i l u r e  r a t e  
handl inc by t h e  vendor and Westinghouse 

( g )  i 

Testin;t,. - I l e s t in~house ' s  incornin,.; r ece iv ing  department w i l l  measure 
phys ica l  and performance c h a r a c t e r i s t i c s ,  coxparing them with t h e  s p e c i f i e d  
requirements and s e r i a l i z e d  data .  

Storace and handlin!T,.-Parts w i l l  be properly s t o r e d  nnd handled i n  
accordance with t h e  q u a l i t y  assurance plan. 

Yailure reportini;. -A procedure will be es t ab l shed  f o r  r e p o r t i n p  
s u p p l i e r  and in-house p a r t  r 'a i lures .  
w i l l  provide t i q e l y  feedback of information, enahl ing prompt c o r r e c t i v e  
act ion.  

The discrepancy r e p o r t i n r  procedure 

P a r t s  Control  Procedure 

Parts l i s t s  and t h e  PCE.-Parts s e l e c t i o n  and c o n t r o l  i s  acconplished 
usin,? a preferred p a r t s  l i s t ,  a stnndard format f o r  l i s t i n g  p a r t  informa- 
t i o n ,  'and a p a r t s  c o n t r o l  eny;ineer (PCE) a s s i cned  t o  t h e  p r o j e c t  t o  p i d e  
t h e  d e s i l y  engineers .in a l l  a spec t s  of p a r t  s e l e c t i o n  and app l i ca t ion .  

P a r t s  ordered by t h e  des i cn  encineers  must be approved by t h e  PCE o r  
t h e  p r o j e c t  r e l i a b i l i t y  engineer. 
e i t h e r  encineer  d i r e c t l y  on t h e  purchase o rde r .  

Approval c o n s i s t s  of t h e  s i g n a t u r e  of 
Thus if any ordered p a r t s  
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a r e  not l i s t e d  i n  t h e  p re fe r r ed  p a r t s  l i s t ,  t h e  purchase o r d e r  i s  he ld  u n t i l  
t h e  i t e m  i s  reviewed and approved. 

During t h e  i n i t i a l  design,phase of t h e  p rogra r  t h e  p re fe r r ed  p a r t s  l i s t  
is  prepared by t h e  PCE i n  conjunction wi th  t h e  p r o j e c t  des ign  engineers  and 
t h e  p a r t s  r e l i a b i l i t y  s p e c i a l i s t s  (Figure 4). 
provide such information as part type, drawing number, gener ic  type ,  r e l evan t  
c h a r a c t e r i s t i c s  and to l e rances ,  weight, t y p i c a l  c o s t ,  and recomended dera t -  
ing. 

This  computer p r i n t o u t  w i l l  

Handwritten parts l i s t . -Prepara t ion  of t h e  p a r t s  l i s t  begins  wi th  t h e  
On Westinghouse form des ign  engineer i n i t i a t i n g  a handwri t ten p a r t s  l ist .  

FA 569411 he  e n t e r s  p e r t i n e n t  app l i ca t ion  and usage d a t a  f o r  a l l  pa r t s .  
s t anda rd  company form is shown i n  Figure 5 .  

This  

The t o p  po r t ion  of F3A 5694.A i d e n t i f i e s  t h e  system, t h e  subsys ten  and t h e  
o r i g i n a t o r  of t h e  form. 
symbol numbers, p a r t  drawing numbers, and c i r c u i t  s t r e s s  d a t a  a r e  a l l  sup- 
p l i e d  by t h e  des i cn  a i g i n e r r ,  

The lower po r t ion  lists t h e  p a r t s  da ta .  C i r c u i t  

The PCE then  r ece ives  t h e  l i s t .  He supp l i e s  t h e  weieht,  e s t i n a t e d  sur- 
f a c e  temperature ,  percent  dera t ing ,  and f a i l u r e  ra te  da ta .  This  a p p l i c a t i o n  
information, updated wi th  a l l  p a r t  changes, i s  always a v a i l a b l e  f o r  design 
reviews and o t h e r  a c t i v i t i e s  where accura te ,  up-to-date information of p a r t s  
a p p l i c a t i o n  i s  required.  Other data ,  such as drawing f ind-numbers, source 
codes, assembly drawing numbers, and shop major t a s k  numbers, a r e  u s e f u l  on 
a conpany-wide bas i s .  

The o r i g i n a l  copies  of t h e  handwritten p a r t s  l ists  remain wi th  t h e  PCE, 
w h i l e  t h e  e l e c t r i c a l  des ign  engineer, mechanical d e s i m  engineers ,  and reli-  
a b i l i t y  engineer  r e c e i v e  copies ,  
s e n t  t o  all concerned p a r t i e s ,  
a p a r t  change, but t h e  change i s  always reviewed for approval  by t h e  e l e c t r i c a l  
des igner ,  mechanical designer ,  and t h e  PCE p r i o r  t o  changing t h e  p a r t s  l i s t .  

A s  t h e  p a r t s  l i s t  is rev ised ,  copies  a r e  
Any. person involved i n  t h e  desi);n can r eques t  

Keypunch and computer prictout.-After p a r t s  f r o a  s e v e r a l  c i r c u i t s  have 
been t a b u l a t e d  on p a r t s  l i s t  f o r m ,  t h e  keypunch ope ra t ion  begins (Figure 6 ) .  
The p re fe r r ed  p a r t s  l i s t  p r in tou t s  a r e  ,Trouped by subassembly, p r in t ed  
c i r c u i t  board assembly, and modules. This  p a r t i a l  information i s  innlediately 
a v a i l a b l e  t o  var ious  a c t i v i t i e s  throuchout t h e  d iv i s ion .  

Ujxiz.tLnF..-Since a l l  Change Requests and Revision Notices a r e  routed 
throuch  t h e  PCE, he i s  a b l e  t o  keep tne  pjar-ts l i s t  c l u r e n t  and maintain con- 
t r o l  over  p a r t s  s e l e c t i o n  and appl ica t ion .  

A s  t h e  design drawings a r e  completed t h e  next  h ighe r  a s s a b l y  drawing 
numher and f i n d  numbers a r e  added t o  t h e  p a r t s  l i s t ,  A s  t h e  des ign  propresses  
and p a r t s  l ists  are re l eased  f o r  mechanical design, work r eques t s  a r e  sub- 
m i t t e d  by t h e  PCE t o  t h e  Components Engineering sec t ion .  The PCE reques t s  
t h e  p repa ra t ion  of drawings of items t h a t  a r e  not  military s p e c i f i c a t i o n  
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-4 PCE Approved 

Parts L i s t s  

Copy of Each New Parts 
List t o  Kecypunch 

r Keypunch Cards 

Copies 
of P r i n t  o u t s  

-i Pr in tou t  Copies 
to : 

Picchanical E l e c t  r i c a l  
Des I {;n 11 e s i ni 

Usape I n f o  Project 
for Component s Ianager  

ro j . I tel ial) .  
FA / - in  e e r P I Director of 

Qual;-t,;: Assurt 

I J- 
Ihnuf a c t u r i n r  

En(-ineer 
Lanufactur inr  

I n f o  m:iat i o n  

I'urchasiny 
Department 
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p a r t s  o r  which f o r  some reason r equ i r e  t h e  p repa ra t ion  of a Westinghouse 
Spec i f i ca t ion  Control  Drawinr. 
ings  t o  ensure t h a t  t h e i r  requirements a r e  adequate and t h a t  t h e y  a r e  ava i l -  
a b l e  on time. 

The PCE monitors t h e  r e l e a s e  of t h e s e  draw- 

When t h e  design i s  considered firm, t h e  PCE i n i t i a t e s  an Advance Order 
Authorizat ion (AOA), o r  he reviews and approves by s i g n a t u r e  all A O A t s  
i n i t i a t e d  by des ign  engineering. 
o r d e r s  and t h e i r  s t a t u s  from t h e  t ime of r e l e a s e  u n t i l  t h e  p a r t s  are de l ive red  
t o  p r o j e c t  s t o r e s .  

Records are maintained of p a r t  purchase 
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DOCUNENTATION 

The r e l i a b i l i t y  e f f o r t  on t h e  SPRA program w i l l  be documented i n  d e t a i l .  
Where t h i s  documentation i s  required f o r  i n t e r n a l  use only, t h e  d a t a  w i l l  be 
a v a i l a b l e  a t  a l l  t imes during t h e  program t o  t h e  NASA/LRC t e c h n i c a l  o f f i c e r  
o r  h i s  r ep resen ta t ives .  The Director  of R e l i a b i l i t y  Engineering w i l l  main- 
t a i n  a l l  r e l i a b i l i t y  documentation, inc luding  s p e c i f i c  documentat,ion as 
s p e c i f i e d  i n  t h e  con t r ac t .  

The 
0 

e 
e 
0 

0 

0 

e 
e 

fol lowinc r e p o r t s  w i l l  be submitted t o  t h e  €JASA/LRC p r o j e c t  o f f i c e :  
R e l i a b i l i t y  Program Plan--30 days a f t e r  go-ahead 
R e l i a b i l i t y  Apportionment--45 days a f t e r  go-ahead 
R e l i a b i l i t y  Estimate--120 days a f t e r  po-ahead 
Fa i lu re  E f f e c t s  Analysis--30 days a f t e r  desicn f r e e z e  
Approved Parts List--90 days a f t e r  go-ahead 
Fa i lu re  Reports--1 week after f a i l u r e ,  weekly t h e r e a f t e r  
Design Review Report--30 days a f t e r  reviews a r e  completed 
R e l i a b i l i t y  S t a t u s  Reports--monthly throughout program 
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QUALITY ASSURANCE PROGRAII PIAN 

General 

This program plan desc r ibes  t h e  Product E e l i a b i l i t y  Department func t ions  
and c o n t r o l s  t h a t  ensure compliance wi th  NASA Q u a l i t y  Publ ica t ion ,  NPC-200-2, 
t lQual i ty  Assurance Provis ions.  
must be w r i t t e n  as  supplemental  attachments t o  t h i s  plan. 

Any a d d i t i o n a l  s p e c i f i c  con t r ac t  requirements 

e 

Q u a l i t y  Program Manapement 

The Product R e l i a b i l i t y  Department has  t h e  necessary  a u t h o r i t y  and 
o rpan iza t ion  t o  c o n t r o l  t h e  production ope ra t ions  and a l l  r e l a t e d  e f f o r t s  
a f f e c t i n g  product q u a l i t y  a t  Aerospace Division. 
R e l i a b i l i t y  i s  d i r e c t l y  respons ib le  t o  t h e  General l'lanacer of Aerospace 
Divis ion f o r  t h e  q u a l i t y  of a11 products. For each Aerospace propxm, t h e  
Ilanarer of Product Re i i a1 ) i l i t y  appoints  a Product I l e l i a h i l i t y  Di rec tor  who 
i s  re spons ib l e  t o  t h e  P r o p a m  ilanaper f o r  t h e  performance of  the proc:ram 
q u a l i t y  assurance func t ions .  

The manager of Product 

Qual i ty  Reports (Customer) 

. Documentation of i n spec t ion  and t e s t s  a r e  maintained and q u a l i t y  r e p o r t s  
based on t h e s e  d a t a  are submitted t o  t h e  customer, as requi red  by con t r ac t .  

Design Control  

Design Eview. -Product R e l i a b i l i t y  personnel  p a r t i c i p a t e  i n  des ign  re-  
views t o  ensure inc lus ion  and adequacy of  r e l i a b i l i t y  and q u a l i t y  requi re -  
ment s, 

Flevision n o t i c e  control.-A r e v i s i o n  n o t i c e  (RN) procedure provides  
c o n t r o l  and i n i t i a t e s  requi red  charyes t o  engineer inp drawincs and r e l a t e d  
documents t h a t  c o n t r o l  equipment c o n f i p r a t i o n .  
changes t h a t  a f f e c t  ma te r i a l s ,  f a ' \ r i c a t i o n ,  or performance are c l e a r l y  
de f ined  1)y t h e  r e v i s i o n  not ices .  

The e f f e c t i v i t y  poin t  of 

Cor;fi,:ur+ mn rnar,a,rement , -Conf i z u r a t  ion rnanacement i s  t h e  r e s p o n s i b i l i t y  
of t h e  Program Tlanaper, w h o k s t a b l i s h e s  a Cor i l i pz t i cn  Cmt . rn1  b a r d  (CCR) 
w i t h  himself as chairman. The CCB, as a minimum, c o n s i s t s  of r e p r e s e n t a t i v e s  
of P ro jec t  Engineering, Manufacturing, and Product R e l i a b i l i t y .  The C C B  pro- 
c e s s e s  and approves a l l  RNts according t o  t h e  RAT procedure, t h e  chairman 
(Program XAnager) being respons ib le  f o r  a l l  dec is ions .  

Tes t  equipment conf igura t ion  and ce r t i f i ca t ion . -Tes t  equipment configur-  
a t i o n  i s  documented and con t ro l l ed  through t h e  RN procedure. 
i n s p e c t s  and c e r t i f i e s  tes t  equipment p r i o r  t o  use,  and records  of c e r t i f i c a -  
t i o n  are maintained by t h e  respons ib le  Product R e l i a b i l i t y  Di rec tor .  

Westinghouse 

h ,. 
i 'j 
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Control  of Procured Mater ia l  

Vendor survw.-Suppl iers  are s e l e c t e d  based on t h e  type  and use  of 
s u p p l i e s  t o  be purchased, evidence of q u a l i t y ,  and any p rev ious ly  demon- 
s t r a t e d  capab i l i t y .  
vendor is  surveyed. 
t h e  vendorls  inspec t ion ,  t es t  and process c a p a b i l i t i e s ,  q u a l i t y  c o n t r o l  
system, cont ro ls ,  procedures,  and personnel.  

' h e n  eva lua t ion  of t h e s e  cons ide ra t ions  d i c t a t e ,  t h e  
Surveys are documented and inc lude  d a t a  p e r t i n e n t  t o  

Procurement document review , -lies t inghou s e reviews documents c on t  ro  1- 
l i n g  t h e  procurement of p a r t s  and equipment t o  a s su re  cornpliance wi th  con- 
t r a c t u a l  q u a l i t y  requirements of t h e  end item. 

Spec i f i ca t ion  of q u a l i t y  requi renents  . - f i rchase o rde r s  w i l l  con ta in  a 
complete desc r ip t ion  of t h e  supp l i e s  ordered. They w i l l  include,  by s t a t e -  
ment cr reference,  a l l  drawinp, s p e c i f i c a t i o n ,  or c o n t r a c t u a l  requirements,  
and any requirements f o r  Government or 'Jestinghouse in spec t ions ,  q u a l i f i c a -  
t ions ,  or approvals. 

ilbestin\:house source inspect ion.-Inspect ion or s u r v e i l l a n c e  i s  conducted 
at a s u p p l i e r l s  p lan t  hefore  shipment t o  'destinchouse when t h e  type  of 
supp l i e s ,  con t ro l s ,  economy, or q u a l i t y  deem it necessary.  
a r e  sub jec t  t o  f i n a l  acceptance a t  Westinghouse and/or Government inspec- 
t i o n ,  

A l l  supp l i e s  

lteceivinr, inspection.-12eceivinc in spec t ion  has  t h e  r e s p o n s i b i l i t y  f o r  
determining t h a t  procured m a t e r i a l  complies wi th  a l l  a p p l i c a b l e  drawings, 
spec i f  i c  a t  ions, and procedures . 

Vendor ratinK.-All r e j e c t e d  purchased naterial i s  reported.  Summary 
r e p o r t s  of nonconformances he lp  t o  monitor and eva lua te  s u p p l i e r  perfor-  
mance and t o  obta in  c o r r e c t i v e  ac t ion .  
s c l e c t i o n  of supp l i e r s  f o r  follow-on and new purchases.  

Also t h e y  a r e  s i d e s  f o r  t h e  

Government Furnished I h t e r i a l  

Government furn ished  proper ty  i s  inspec ted  f o r  shipment danape, com- 
p l e t eness ,  and proper type, and i s  f u n c t i o n a l l y  t e s t e d  when r equ i r ed  by 
c o n t r a c t .  
u se  or d i spos i t i on .  
t h e  cognizant Cavernment Representat ive Control.  
by t h e  Westinchouse Baltimore D i v i s i m s  Ihnua l  f o r  t h e  c o n t r o l  of Cavern- 
ment Property.  

' h e  items a r e  i d e n t i f i e d ,  s t o r e d ,  and/or p ro tec t ed  from improper 
Defect ive hvernment  fu rn i shed  material i s  repor ted  t o  

Procedures are def ined  

U N C L A S S I F I E D  
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Control  of Fabricat ion 

Spec i f i ca t ion  conformance inspection.-'&en r equ i r ed  by con t r ac t ,  first 
u n i t s  of new production con t r ac t s  a r e  subjected t o  a s p e c i f i c a t i o n  conformance 
inspec t ion .  
ments, t h e  appl icable  PCCL Spec i f ica t ion ,  equipment t e s t  s p e c i f i c a t i o n s ,  and 
app l i cab le  drawings. 
ac t ions  requi red  t o  c o r r e c t t h e  nonconformances. 

This inspec t ion  compares t h e  equzpment t o  t h e  con t r ac t  requi re -  

The r e s u l t s  of t h i s  i n spec t ion  are documented with any 

Inspect ion and tes t  procedures.-The in spec t ion  i s  according t o  t h e  Pro- 
duc t  R e l i a b i l i t y  Department Procedures and P ro jec t  Di rec t ives ;  a l s o  t h e  
Test Spec i f i ca t ions  document procedures necessary t o  provide uniform c o n t r o l  
of i n spec t ion  and t e s t  opera t ions .  

Inspect ion c r i te r ia . -The  c r i t e r i a  f o r  approval  or r e j e c t i o n  is provided 
f o r  a l l  in spec t ion  opera t ions  by means of Products R e l i a b i l i t y  Procedures 
and P ro jec t  Di rec t ives ,  drawings, process s p e c i f i c a t i o n s  and workmanship 
s tandards  . 

Workmanship standards.-The q u a l i t y  of workmanship requi red  from var ious  
techniques and processes a r e  documented by workmanship s tandards.  These are 
used by in spec to r s  t o  assure  compliance and cont inuing high q u a l i t y  workman- 
sh ip .  

Inspection. -Xechanical inspec t  ion  is  performed a t  s i g n i f i c a n t  po in t s  
throuchout a l l  areas of f ab r i ca t ion ,  assembly and test. It assures  conform- 
ance t o  design, process,  q u a l i t y  workmanship and conf igura t ion  requirements.  

Product i on  tes t  (inc ludinp: t ool inEl .  -The nec e s  s ary too l ing  t o  perform 
production t e s t k y :  is  designed and made a v a i l a b l e  as an element of t h e  q u a l i t y  
program. 
demonstrates t h e  end-use func t iona l  requirements of t h e  equipment. 

Tes t ing  i n  accordance with documented procedures and s p e c i f i c a t i o n s  

Completed i tem inspec t ion  and testinp,.-Final i n spec t ion  and t e s t  opera- 
t i o n s  f o r  each u n i t  assures  t h e  o v e r a l l  q u a l i t y  of t h e  equipment and i t s  
a b i l i t y  t o  meet end-use requirements. 

Inspect ion records,-Records of inspec t ions  a r e  documented by e n t r i e s  
made on c o n t r o l  t a g s  t h a t  accompany t h e  material. 
ed and inspec t ior i / tes t  s t a t u s  and acceptance is ind ica t ed  on t h e  tags .  

log books. 
f i c a t i o n s ,  procedures, and r ev i s ion  s t a t u s  toge the r  wi th  readings / resu l t s  of 
t h e  tests performed. 

Nonconformances a r e  record- 

Test 12ecoras.-Test r e x l t s  2r-e recorded on t es t  d a t a  shee t s  o r  i n  t es t  
These d a t a  inc lude  appropriate  r e fe rence  t o  the appl lczble  speci- 

3e;iection records-control  taEs.-Records of nonconformances a r e  made by 
e n t e r i n g  such dx ta  on c m t r o l  tags .  
r e t a i n e d  as permanent q u a l i t y  records f o r  six years ,  o r  as requi red  by con- 
t r a c t .  

The c o n t r o l  t a g s  of s e r i a l i z e d  u n i t s  are 
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Ilejection records-DA.-l4echanical d e f e c t  d a t a  are recorded on d e f e c t i v e  

apparatus  (DA) t a p .  
d e f e c t  and c o r r e c t i v e  ac t ion .  

Among information included are a d e s c r i p t i o n  of t h e  

Re.jection records-DI2.-Electrical nonconformances encountered from 
bench t e s t  through f i n a l  t es t  are documented by t h e  u s e  of a discrepancy 
report (DE). I n  add i t ion  t o  i d e n t i f y i n c  and c o n t r o l  d a t a ,  DZ information 
inc ludes  resul ts  of discrepancy investi t :at ion and s ta tements  of c o r r e c t i v e  
act ion.  

Submittal  records.-Submittal records document both t h e  r e su l t s  of 
Westinrhouse in spec t ion  and t e s t ,  and of Government review of reccJrds and 
equipment, at  s e l e c t e d  points .  

S e r i a l i z a t i o n  control.-\Jestinphouse ser ia l  numbers are app l i ed  t o  
assemblies and s e l e c t e d  f a b r i c a t e d  items p r i o r  t o  in spec t ion  i n  o r d e r  t o  
provide p o s i t i v e  i d e n t i f i c a t i o n  and con t ro l .  

C o n f i w r a t i o n  and s e r i a l i z a t i o n  record.-Records are r e t a i n e d  of de- 
l i v e r e d  equipment t o  i d e n t i f y  t h e  conf i f? l ra t ion by p a r t  number, r e v i s i o n  
l e t t e r  and s e r i a l  nurnber of a s senb l i e s  a t  t h e  t . he  of shipment. 

T raceab i l i t y  of materials.-Ilhen r equ i r ed  by c o n t r a c t ,  records of pur- 
chased a r t i c l e s  and materials a re  na in t a ined  i n  such a -mnner t h a t  t h e  
source i s  i d e n t i f i a b l e .  

Corrective acti-on. -A s y s t e q  of  infornlntion f eedbnck i s  naimtni-ned i n  
con#junction with n c o r r e c t i v e  a c t i o n  prorrarl t o  prevent recurrence of non- 
conforriances, malfunctions, or f a i l u r e s ,  f o r  'loth purchased items and in- 
house operations.  

F a i l u r e  analysis .  -In t h e  Product 2 e l i a b i l i t y  Assurance I d  o r a t o r y  
(PRAL), analysis of s e l e c t e d  component f a i l u r e s  d e t e r n i n e s  t h e  f 75 l u r e  
mode. Defect c l a s s i f i c a t i o n  i s  nnde nnd c o r r e c t i v e  a c t i o n  i n i t i a t e d .  
Equipnent t e s t  f a i l u r e  d a t a  i s  c o l l e c t e d ,  tahulated,analyzed,  and dis- 
s e n h a t e d  t o  f a c i l i t a t e  c o r r e c t i v e  ac t ions .  

Area aud i t s  .-Areas are audi ted p e r i o d i c a l l y  t o  a s s u r e  conformance t o  
ope ra t in7  procedures and r e q u i r e m n t s .  'These a u d i t s  i nc lude  mmuf a c t u r i n c ,  
inspect ion,  and tes t  func t ions .  Audits are documented a n i  i nc lude  descr ip-  
t i o n s  of any d e f i c i e n c i e s  found, r e s p o n s i b i l i t y ,  and e f f e c t i v e  d a t e  of  
c o r r e c t i v e  a c t  ion. 

Product Audits.-Typical u n i t s  of equipment are  aud i t ed  p e r i o d i c a l l y  
t o  a s s u r e  conformance t o  drawing, spcc i f  i c a t i o n ,  worlmanshi p, and c o n t r a c t  
requirenents .  These a u d i t s  are documented and Fncl_lirle d e s c r i p t i o n s  of any 
nonconformnces found, and c o r r e c t i v e  a c t i o n  t o  be taken,  

S p e c i a l  environmental control.-Special  environmental  c o n t r o l  i s  main- 
t a i n e d  i n  areas of f a b r i c a t i o n  and t e s t  as required by t h e  c o n t r a c t ,  or as 
necessary f o r  t he  equipment to meet f u n c t i o n a l  requirements ,  This  i nc ludes  
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t h e  n e c e s s n q  c o n t r o l s  over  p a r t s  and processes  t o  make poss ib l e  steri l iza- 
t i o n  of t h e  end product. 

Process control.-Two such con t ro l s  a r e :  

Process and equipment c e r t i f i c a t i o n .  -Equipnent and processe- a r e  
c e r t i f i e d  when requi red  by con t r ac t  or app l i cab le  K l i t a r y  Specific: ;,t.ions. 
In addi t ion ,  c e r t a i n  processes  not  covered by I l l i l i tary S p e c i f i c a t i o n s  are 
c e r t i f i e d  where c o n t r o l  i s  deemed necessary I;n essu re  product q u a l i t y  and 
r e l i a b i l i t y .  

Process audit.-IIanufacturing processes  are p e r i o d i c a l l y  audi ted  t o  
a s s u r e  cont inuing  conformance t o  appl icable  requirements.  

IIonc onf orninp; 2 Iaterial 

Nonconforming a a t e r i a l  w h k h  cannot be reworked t o  drawing/spec i f ica t ion  
requirements i s  sub.jectec! t o  review by a " l a t e r i a l  lleview Board (rnI3) for 
approval  of r e p a i r  procedures and/or acceptance f o r  "as is" use. 
conposed of a Ckwernment Representat ive and Government approved members of 
t h e  Encineer inc and Product I l e l i a b i l i t y  Departments. 
f o r  t h e  segrega t ion  and p o s i t i v e  i d e n t i f i c a t i o n  of t h e  nonconforming material. 

The la273 i s  

F a c i l i t i e s  are provided 

Inspec t ion ,  Yeasuring and Test Equipnent 

IeasurinE and t e s t i n c  equipment. -\Vestinghouse opera tes  complete and up- 
to-da te  t e s t  and measuring f a c i l i t i e s  t o  a s su re  t h a t  produced items conform 
t o  t e c h n i c a l  requirements.  Procedures which conform t o  ;IILC-l+5662AY "Cali- 
b r a t i o n  System Requirements,I1 a r e  maintained f o r  t h e  c a l i b r a t i o n ,  c o n t r o l  
and approval  of measurement and t e s t  equipment. 

Production too l inr :  used as media of inspection.-lfhen t o o l s ,  j i g s ,  f i x -  
t u r e s  and o t h e r  such devices  serve  as media of inspec t ion ,  t h e y  are inspec ted  
or proved by s u i t a b l e  mean f o r  accuracy p r i o r  t o  r e l e a s e  f o r  use. These 
devices  a r e  re-inspected o r  proved at e s t a b l i s h e d  i n t e r v a l s .  

Inspect i o n  S t  amps 

Evidence nf i n spec t ion / t e s t  acceptance s t a t u s  i s  c o n t r o l l e d  by a system 
of stamps. 
and t e s t  t echnic ians .  

The stamps are numbered ana a s s l g ~ e d  tc! t h e  i n d i v i d u a l  i n spec to r s  

Preserva t ion .  s toraEe  and handlinp: procedures.-Procedures f o r  t h e  hand- 
l i n g  and s t o r a g e  of material, p a r t s  and assemblies  i n  a safe and adequate 
manner are in e f f e c t  throughout Aerospace Divis ion f a c i l i t i e s .  These inc lude  
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i d e n t i f i c a t i o n  methods, p r o t e c t i o n  of f i n i s h e s ,  c o n t r o l  of (averment  
property,  and c o n t r o l  of l i m i t e d  l i f e  supp l i e s ,  materials and p a r t s .  
Also, e x i s t i n g  procedures provide f o r  t h e  c l ean ing  and p rese rva t ion  of 
material, pa r t s ,  and assemblies necessary t o  prevent d e t e r i o r a t i o n  throu;.h 
exposure t o  air ,  moisture or o t h e r  elements during f a b r i c a t i o n ,  handl inc 
or storage.  

IkrkinE, packaginp. and packinp procedures.-Equipment i s  i d e n t i f i e d  
by marking i n  accordance with app l i cab le  T?IL and/or c o n t r a c t  requirements. 
Pacltinr and packaging procedures also requi re  compliance t o  :IIL and/or 
COT; r a c t  requirements. 
are spec i f i ed  by Packaping EnEineerinp. Tests on packing and packapinp 
materials a re  performed on a sampling b a s i s  t o  a s s u r e  t h e i r  environmental 
and phys ica l  adequacy. Accuracy of  t h e  shippinp documents i s  v e r i f i e d  
p r i o r  t o  shipment. Units, packapes and docurrents are a v a i l a b l e  t o  k v e r n -  
ment h s p e c  t ion. 

dhen not s p e c i f i e d  by c o n t r a c t ,  t h e  methods used 

S t a t i s t i c a l  Qual i ty  Control 

S t a t i s t i c a l  smplin,<.-Sampling in spec t ions  are i n  accordance with 
IILSTII-105 o r  ;lILSTD-kLlk and app l i cab le  S t a t i o n  Inspections.  Qua l i ty  

l e v e l s  of sampliny: a r e  appropr i a t e  t o  t h e  complexity, func t ion ,  and 
q u a l i t y  required of t h e  end i t e m .  

Control  charts.-Control c h a r t s  i n  s e l e c t e d  areas and f o r  c e r t a i n  
equipment provide s t a t i s t i c a l  d a t a  of q u a l i t y  l e v e l s  and c o n t r o l s ,  as well 
as pro!:rnm v i s i b i l i t y .  

Traininy; and C e r t i f i c a t i o n  of Personnel 

Personnel traininr; .  -Inspection personnel  are sub jec t ed  t o  continuiny; 
t r a i n i n p  procrams t o  assure o r i e n t a t i o n  and i n d o c t r i n a t i o n  i n  q u a l i t y  
assurance prccedures, methods, and techniques.  Employees whose s k i l l s  
c o n t r i b u t e  d i r e c t l y  t o  q u a l i t y  are sub jec t ed  t o  s p e c i a l i z e d  t rxininy;  t o  
a s s u r e  t h a t  t h e i r  s k i l l s  and knowledce keep pace wi th  t h e  technolccy re- 
qu i r ed  t o  achieve opt imm performance. 

Personnel c ert  &cat ian .-Personnel performing c e r t a i n  ope ra t ions  and 
t a s k s  a r e  c e r t i f i e d  when r equ i r ed  by c o n t r a c t  o r  a p p l i c a b l e  i I i l i tary Spec- 
i f  i c a t i o n s .  I n  addi t ion,  personnel performing c e r t a i n  o p e r a t i o n s  not  
covered by I l i l i t a r y  S p e c S  ir:ations are c e r t i f i e d  by 'Jestinghouse where 
such c o n t r o l  i s  considered necessary t o  a s s u r e  product q u a l i t y  and r e l i -  
a b i l i t y .  
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EFFECTS OF STERILIZATION OrJ HELIABILITY 

Contamination and S t e r i l i z a t i o n  

S t e r i l i z a t i o n  i s  required t o  preclude contaminating t h e  d e s t i n a t i o n  
environments of deep space probes. 
of previous s t u d i e s  by Space Department personnel  a t  t h e  :Jestinghouse Defense 
and Space Center. 
Lander/Capsule Science Payload InteKrated Study," dated 30 June 1965. 
examines t h e  e f f e c t s  of s t e r i l i z a t i o n  and decontamination on ma te r i a l s  and 
components, and i s  p a r t i c u l a r l y  appl icable  t o  t h e  SPRA program. The 
e l e c t r i c a l  and e l e c t r o n i c  p a r t s  considered i n  t h e  subJec t  r epor t ,  except f o r  
t h o s e  p a r t s  unique t o  t h e  p a r t i c u l a r  system, are t h e  same type  p a r t s  con- 
s i d e r e d  f o r  app l i ca t ion  i n  t h e  Space Probe Radar Alt imeter .  

The requirements have been t h e  ob.ject 

One r e s u l t  of such s tudy i s  a r epor t  t i t l e d  Voyager 
It 

Spec i f  i c a t  ions  

The environmental s p e c i f i c a t i o n s  used f o r  t h e  SPIiA s tudy  are de:,cribed 
i n  JPL Spec i f i ca t ion  VOG50503-ETSY dated 12 January 1966, and t i t l e d  
"Environmental Spec i f ica t ion ,  Voyager Capsule F l igh t  Equipment, Type Approval 
and Fl ight  Acceptance Test Procedures f o r  t h e  Heat S t e r i l i z a t i o n  and Ethylene 
Oxide Decontamination Environments. 

This s p e c i f i c a t i o n  desc r ibes  a p iece  p a r t  and ma te r i a l  compat ib i l i ty  
t es t .  
f o r  approximately 30 hours each cycle ,  and (2) six cyc le s  of h e a t  s t e r i l i z a -  
t i o n  a t  135°C f o r  96 hours each cycle.  'destinghousels ma,jor e f f o r t  has  been 
t o  a s c e r t a i n  t h e  l e v e l  of degradat ion of p a r t  r e l i a b i l i t y  due t o  t h e s e  t e s t s .  

It requ i r e s  (1) six cyc le s  of e thylene oxide decontamination a t  50°C 

Ef fec t  on Parts 

P a r t s  requi red  i n  t h e  a l t i m e t e r  design and f a b r i c a t i o n  a r e  as fol lows:  

Diodes - s i l i c o n  r e c t i f i e r ,  switching, zener varac tor ,  mixer and high 

Trans i s to r s  - high and low power 
Res i s to r s  - wirewound, carbon and metal  f i lm 
Potentiometers - wirewound 
Capaci tors  - iaiita>~m, ceramic, mica, metal ized paper 
lIIC1s - analog and d i g i t a l  
Inductors  - f ixed  and v a r i a b l e  
Coi l s  - RF 
Transformers - pulse  and high frequency 
Connectors 

power 

Trans i s to r s ,  diodes and in t eg ra t ed  c i r c u i t s  are thermally s t a b i l i z e d  
dur ing  t h e  manufacturing process a t  temperatures above l45  "C. Therefore 
they  present  no problem under t h e  s t e r i l i z a t i o n  environment. Carbon 
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r e s i s t o r s  w i l l  withstand U+5 " C  tempernture without dec rada t ion  as lonp as 
t h e y  are not operated duriny t h e  test .  

It i s  cJPL's conclusion t h a t  p a r t i c u l a r  types of r e s i s t o r s  f r o 3  va r ious  
manufacturers appear more prone than  o t h e r s  t o  f a i l u r e  o r  parameter d r i f t .  
Wirewound and metal f i l m  r e s i s t o r s  show l i t t l e  tendency t o  d r i f t  a f t e r  test .  

Ceramic c a p a c i t o r s  show a temporary inc rease  i n  capaci tance and d i s s ipa -  
This v a r i a t i o n  w i l l  have t o  be taken i n t o  considera- t i o n  f a c t o r  a f t e r  t e s t .  

t i o n  during c i r c u i t  design. 

Tantalum c a p a c i t o r  tes ts  run by JPL i n d i c a t e  a decrease i n  i n s u l a t i o n  
r e s i s t a n c e  by a f a c t o r  of t e n .  The i n s u l a t i o n  r e s i s t a n c e  increased t o  t h e  
o r i g i n a l  l e v e l  af ter  ope ra t ion  a t  high temperature and r a t e d  vo l t ape ;  h w -  
ever, ca t a s t roph ic  f a i l u r e  occurred ' n  some u n i t s .  
11-.i i  : - ~ p u >  1 t qrs specifications,detailinr appropr i a t e  thermal  screeniny: and 
irispxt tun w i l l  be necessary.  

To o b t a i n  reliab' r, t a n t a -  

There i s  no d a t a  available a t  t h i s  time on induc to r s ,  t ransformers ,  coi.13 
and connectors. 
s i n c e  d e s i p s  a r e  c u r r e n t l y  a v a i l a b l e  f o r  temperatures above U5"C. 

IIowever we f o r e s e e  no p a r t i c u l a r  problems with t h e s e  u n i t s  

Intended Procedure 

Throuch t h e  followiny: procedures, 'Jestinphouse in t ends  t o  prevent de,pra- 

( a )  
(h)  

( c )  

d a t i o n  of r e l i a b i l i t y  due t o  s t e r i l i z a t i o n :  
Es t ab l i sh inp  an approved l i s t  of hea t  s t e r i l i . z a b l e  p a r t s .  
l3rnployin;T s p e c i f i c a t i o n s  which ensure t h a t  on ly  those  p a r t s  hav in r  

In-house testin!. of sarlples from lots of p a r t s  +,- ensure p a r t  
a capability of s t e r i l i z a t i o n  arc procured. 

i n t e p r i t y  and co r rec tness  of vendor da t a .  
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Appendix A 

DISC12EPAPJCY IEEPOl?.TTIIJG SYSTE!; 

The Discrepancy Report is the transmittal means for providing 
complete, rapid, and accurate reporting of all discrepancy, 

t;rouble, failure, maintenance, and consumption data for the 
product support effort . 
The information obtained from the reporting system will be 
utilized for obtaining corrective action on product problems, 
for reliability and maintainability measurements, and for 
quick and accurate feedback to all inplant and field functions. 

r I .  'TSSIJANCE OF DISCREPANCY REPORT 

The Discrepancy Report w i l l  be issued whenever one of the 
following conditions exist: 

A .  

B. 

C. 

D. 

E:. 

E'. 

G. 

Item failure/malfunction - An item's performance is outside 
specification tolerances (catastrophic failure or out of 
tolerance drift). 

Item discrepancy/deficiency - An item has inherent design 
discrepancies or deficiencies such as, part misapplication, 
circuit misapplication, packaging problem, etc. 

Secondary/associated failure - An item has failed to meet 
performance specifications due to the malfunction of 
another item (primary failure) within the equipment. 

Corrective measure - An unscheduled adjustment or other 
corrective measure was required to return the item to 
operation status. 

Maintenance deficiency - A deficiency in the maintenance 
requirements of an item, which does or may detrimentally 
affect functional operation of the item. 

Unscheduled preventztlve maintenance - An unscheduled ad- 
justment or other preventative maintenance a z t i o ~  tc! 
maintain an item in operational status, and which is not 
specifically designated as allowable in the governing 
test specification or technical publication. 

Workmanship error - An error in workmanship either during 
manufacture or repair/rework of the item which degradates 
the item's performance. 
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: I  Re t a in  copy 3 0  
,- Forward d i sc repan t  fteni and copies  1, 2 ,  5 and 6 

of d i screpancy  r e p o r t  t o  Product R e l i a b i l i t y  Analys is .  

4%, Product R e l i a b i l i t y  Analysis  

a ,  Complete blocks 28,  k4 and 45 through 54 as a p p l i -  

b 3  Reta in  copy 5.  
cab le  

5 -, R e l i a b i l i t y  Engineering 

a t  Complete b l o c k s  45 throufrlh 54 as app l i cab le< ,  
b o  Reta in  copy 2 

B. In-Field 

1 Orig ina tor  

a -  Conplete blocks 1 t,hrou.qh 2 0 c 0  
b Forward copy 4 t o  R e l i a b i l i t y  D i r e c t o r  of P r o j e c t ,  

Ba i t  m o r e  Defense Center  

2 Repair/Rework Ac t iv i ty  

a', Complete b l o c k s  51 through j k ,  and 115 through 48, 
b o  Forward t o  R e l i a b i l i t y  Di rec to r  o f  F r o j e c t ,  

B a l t i n o r e  Defense Center ,  copies  L , 2 , 3  and 6 att .ached 
t o  d i sc repan t  i t em i f  iter,, i s  t o  '!e scrapped. 

:: Retain copy 5 f o r  own consuntption, 
Copies 2 , 2 , 3  and 6 s t a y  with lowest l e v e l  i t e n  be ing  
sen t  t o  supply depot o r  Bal.tiicore for r e p a i r ,  

V ,  IIJSTRUCTIOIJS FOR COIIPLETIOI'J OF DISCREPANCY REPORT 

3 G  

A,,  P o r t , i m  To Be Complet.ed by Test/T2iintenance Personnel 

Diock 1, Report ing Activity - Ente r  t h e  name of t h e  
department,  agency, e t c .  r e p o r t i n g  t h e  f a i l u r e ,  
a c t i o n ,  or m n d i t i o n ,  

Block 2 ,  Date -- Enter month, day, and y e a r  tile faflure 
occurred ,  a c t i o n  took  p l a c e ,  o r  condi t ion  w a s  
no ted ,  

Block 3 "  Locat ion - Ente r  t h e  name of t h e  f a c i l i t y ,  - 
v e h i c l e ' s  name CY l o c a t i o n  a t  which report?,ble 
occurrence took p l ace  
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Examples: WP (Westinghouse-Parker Road), 

~ WE (Westinghouse-Electronics), 
* - '  AVM-1, etc. 

Block 4a System Name - Enter name of top-level system 
in which failure or action was noted. 

Block 5a Model Designation - - Enter model designation 
of system for which item involved is, or 
normally would be, a part there of. (If item 
is not assigned to any particular model, leave 
blank). 

Examples: XZ-1, etc. 

Block 6a System Serial Number 
0 .  Original - Enter serial number of system in 

which failure or action occurred. 
blank if item involved is not part of a 
specific system). 

(Leave 

R. Replacement - Enter serial number of re- 
placement system if original system has 
been removed. (If not, leave blank). 

--- Block 7a Reference Designation - Enter reference desig- 
nation for system liyted in block 4a. 

Block €!a, b, c, d, Operating Time - Indicate whether 
operating time is from a meter or estimated 
from watch time, o p e r a t i o n s ,  etc. by 
checking appropriate block. 

If operatins time is by meter, then: 
1. (0) Indicate meter reading associated with 

unit in blocks 4a, b, c, d, 
b ,  c, d. 

2. (R) If meter in 0. above has been removed, 
either by itself or in a discrepant 
unit, indicate new meter reading of 
replaced unit. 

3 .  If operating time is estimated, put estimate 
in appropriate unit level. 

4. Circle "Hrs." or "Cyc." indicating whether 
units are in hours or cycles. 
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Block 9a - System Supplier - Enter name of supplier of 
system listed in block 4a. 

Examples: WE (Westinghouse-Electroni cs) , 
Bendix, etc. 

--- Block 4b Assembly Name - Enter drawing nomenclature of 
major assembly or enclosure in which failure 
or action occurred. 

Examples: Transmit Array, Radar Computer 
Enclosure, et c. 

Block 5b Assembly DrawingJNumber - Enter Westinchouse 
drawing number for major assembly listed in 
block 9. 

Examples: Receiver AN/nPN-53 

0. Original - Enter serial number of assembly 
in which failure or action occurred. 
(Leave blank if item is not a part of a 
major assembly). 

Block 6b Assembly Serial Number 

R. Replacement - Enter serial number of re- 
placement assembly if original assembly 
has been removed. (If not, leave blank). 

Block 7b Assembly Reference Desi nation - Enter desig- + - 
nation localizinp: assemb y to specific function 
in system. 

Examples: 408, 201, etc. 

Block 9b Assembly Supplier - Enter name of supplier of 
ma joy assembl-y li sted in block 4b. 

Examples: I'JE (Westinghouse-Electrics) , 
!,'AA (Uestinehouse-Air Arm), etc. 

-----I Block 4c Subassemblv ---- Name - Nntei- Zrwing, nomenclature 
of next lowest level assembly in which failure 
or action occurred. 

- Block 5c Subassembly Drawing Number/Printed Circuit Code 
Enter !Yestinghouse drawing number or printed 
circuit code of subassembly listed in Block 4c. 
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Block 6c Subassembly S e r i a l  Number 

0. O r i g i n a l  - Enter  s e r i a l  number of  sub- 
assembly i n  which f a i l u r e  o r  a c t i o n  
occurred.  

R .  Replacement - Enter  se r ia l  number o f  re- 
placement subassembly i f  o r i g i n a l  sub- 
assembly has  been removed. 

Block 7c Subassembly Reference Deciination - Enter  
r e fe rence  d e s i q n a t i o n  f o r  subassembly l i s t e d  
i n  Block 14 as imprinted on t h e  next  h iyhe r -  
l e v e l  assembly l i s t e d  i n  Block 4c.  

Zxamples: 40fl A001, 201 A001 

Block 9 c -  Subassembly Supp l i e r  - Ente r  name o f  s u p p l i e r  
f o r  subassembly l i s t e d  i n  Block 4c.  

Examples: I'IE (West inghouse-Electronics)  
U A A  (?,Jestinghouse-Air A r m )  e t c .  

Block 4d Module Name - Enter  drawing nomenclature o f  
next lowest  l e v e l  subassembly i n  which f a i l u r e  
o r  a c t i o n  'occurred.  

Rlock - 5 L -  Nodule _.- - -- -._ Ikcuvjncr -__ - - - hmbey/Fr in ted  I --- - -- Circuit ,  --- - Card - 
J h t e r  \ ies t inchouse clrawinq number o r  p r i n t e d  
c i r c u i t  code o f  module l i s t e d  i n  Block 4D. 

~ l - o - c & - d _ -  llodule Se r i a l - J? Jbe r  
0. O r i P i n a l  - Enter  s e r i a l  number of  module 

i n  which f a i l u r e  o r  a c t i o n  occurred .  

R.  Replacement - Enter  s e r i a l  number o f  re- 
placement module i f  o r i g i n a l  module has  
been removed. 

-* Block -.-- -- 7d -- Module Reference Des icna t ion  - Enter  r e f e r e n c e  
desi-knation f o r  module l i s t e d  i n  Block 4 D  as 
imprinted on t h e  next  h i g h e r - l e v e l  assembly 
l i s t e d  i n  Block 4c. 

Examples: 408 A001 A 0 1 ,  201 A001 A 0 1  

Block yd -.--- Module - S u p p l i e r  - Enter  name of s u p p l i e r  f o r  
module l i s t e d T n  Block 4 D .  

Examples: IlJE (Vlestinghouse E l e c t r i c ) ,  e t c .  
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Block 10. Dhop Order Number - Enter shop order number 
(PLANT USE ONLY). 

Block 11. Test Level of Discrepancy - Enter the level 
of test that item was in when failure or 
action occurred. 

Normal Operation - Indicate whether this was 
a normal operation function by checking ap- 
propriate box. 

Preventative Maintenance - Indicate whether 
this was a preventative maintenance function 
by checking appropriate box. 

. Block 12. Test Specification/Paragraph Number - If dis- 
crepancy, failure, or action was noted during 
a specific test or functional operation which 
could be identified by a specific Test Speci- 
fication or Technical Publication, enter the 
document number, and the associated paragraph 
number. 

Block 1 3 .  Mode of Operation - Enter the specific function 
of equipment or mode of operation when failure 
or action occurred. 

Examples: Track While Scan Mode, etc. 

corresponds to the best description of the 
indicator of the failure, action or condition. 
(If none of the blocks are appropriate, check 
l!OTHERIT and explain further in Block 19) . 

Block 14. Sympton of Discrepancy - Check that box which 

Block 15. Reference Other Reports - Reference any other 
correspondence, Discrepancy Reports, or reports 
which have been originated as a result of the 
failure, action, or condition. 

Block 16. Apparent Cause sf Xscregancv - Check that box 
which is the best estimate at the time of trc- 
currence of the a arent cause of the failure, 
action, or condit * on. If none of the blocks 
are appropriate, check rTOTHER*l and explain 
further in Block 19). 
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- Block 17. Immediate .--- Corrective Action - Check that box 

which indicates the immediate corrective action 
taken on the hichest-level replaceable item to 
restore the system to operational status. (If 
none of the items are appropriate, check "OTHER" 
and explain further in Block 19). 

Block 18. System Down Time - Indicate to the nearest 
tenth of an hour, the total time to restore the 
system to operational status. 

-_-- Block 19. Description _I--_ of Discrepancy -. - Enter brief but 
clear narrative describing the failure, action, 
or condition, and the action taken to prsolslerr; 
prevent recurrence, if any. Include any infor- 
mation that appears to be pertinent to the 
conditions surrounding the occurrence. 

Block 20. 

Block 20A De artment - De artment of person in Block 20. 

Reported By - Sicnature of person reporting 
occurence. 

( h T T %  CTLYY. 

Date - Date that Discrepancy Report was written 
by person in Block 20 (not necessarily the same 
as Block 2). 

-_-. Block 20B 

Block 20C Approved E& - Siflnnture of su ervisor of person P ---- in Blrcx-20. (PLAnJT USE ONLY . 
J ) .  l'orl; i on To ne Coniplet ed By Repai r/Rework Personnel 

nlocl: 21. Conditions _Found Rurinc Repair/Rework - Enter 
brief but clear narrative describing conditions 
found duriny repair/rework of unit, such as 
components worn excessively, dimensions out of 
tolerance, etc. 

Block 22 .  Total lhinte_rlgnce Time 
22x. DiaKnosis - Enter the time that it took 

in the repair/rework area to isolate the 
discrepancy in the removed unit. 

Repair - Xnter the time that it took in 
the repair/rework area to repair the 
discrepant unit. 

retest the unit after repair/rework. 
dicate whether unit passed or failed retest. 

22B. 

22C. Retest - Enter the time that it took to 
In- 
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Block 23. Zxamination - Ind ica t e  whether u n i t  can be 
f a i l u r e  v e r i f i e d  and/or f a i l u r e  analyzed. 

23A. Signature  - Person g iv ing  a u t h o r i z a t i o n .  

23B. Date - Date o f  a u t h o r i z a t i o n .  

Block 24A, B ,  C ,  D ,  P a r t  Name - Enter drawing nomencla- 

Block 25A, B, C ,  D ,  DrawindPar t  Number - Enter  Yesting- 

t u r e  of p a r t / p a r t s  rep laced .  

house drawing number of  p a r t / p a r t s  replaced.  
If none exists,  then e n t e r  s u p p l i e r s  p a r t  
number. 

Block 26A, B,  C ,  D ,  Complete C i r c u i t  Symbol - Enter  t h e  
complete c i r c u i t  symbol of p a r t / p a r t s  replaced 
as imprinted on next-higher  l e v e l  assembly. 

Block 27A, B, C ,  D ,  Pa r t  S e r i a l  Number - Enter  s e r i a l  
number of p a r t / p a r t s  rep laced .  

Block 28A, B ,  C ,  D ,  Charqe Number - Enter  charge number 
f o r  t h i s  p a r t i c u l a r  repair / rework a c t i o n .  
(PLANT USE ONLY). 

Block 28A, B ,  C ,  D ,  Federal  Stock Number - Enter  federal 
s tock  number corresponding t o  drawi ng/part  
number i n  block 26a, b ,  c ,  d. (FIELD USE ONLY). 

Block 29A, B, C ,  D ,  Sec t ion  - Enter  s e c t i o n  name where 

Block 3 O A ,  B, C ,  D ,  Supervisor  - Signature  of supe rv i so r  

charge number i s  a p p l i c a b l e .  

a u t h o r i z i n g  charge number. 

(PLANT USE O N L Y ) .  

(PLANT USE O N L Y ) .  

Block 31. Repaired/Reworked By - Signature  of person 
making repair / rework a c t i o n  on i tem. 

Block 32. Department - De ar tment  of person i n  Block 32. 
(PLANT USE ONLYP. 

Block 33.  

Block 34. 

Date - Date t h a t  r epa i r / r exc rk  sction was com- 
p l e t e d .  

Approved By - Signa tu re  of  su  e r v i s o r  of person 
i n  block 32. (PLANT USE ONLY P 
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c ,  P o r t t l . l l n  'To Be COI p l e t e d  I27 Froauct ion Uepartrlent Personnel  

Zloc! , .~  35 th rcuzh  44 are  t o  be cor:,pleted by product ion 
department. personnel  as a p p l i c a b l e .  

Por t ion  To ne GQI p l c t e d  r3y Froduct R e l i a h i l i t y / ~ n f f i n e e r i n e  
Serv ices/Fart, Aln:il-ysis I'er sonne I. . 
Before f i l l i n g  out  t h e  f o l l o w i n g  b l o c k s  
hetlurccn c o p i e s  1 3 2  and 3 "  
t h a t  tlley a r e  b<ic!- t-o hac;: wi th  c o ~ y  6" 
t,r.!c.en bot ton ,  portion of cop ie s  2 ?  5 and back o f  copy 6, 
1nforri3t , ion of  c ~ p i e s  2 , 5  and bacl: o f  6 rLus t  be l e g i b l e "  

D ,  

rer,love carbon from 
Fold  f l i p - o u t  copies  2 and 5 s o  

P lace  carbon be- 

n l 0 . 7 ~ :  i k 5 "  E f f e c t  on Sycter,? Ferforrmnee - Check appropr i a t e  
h loc l -  t o  i n a i c a t e  t h e  e f f e c t s  o f  t h i s  p a r t i c u l a r  
discrepancy on t h e  s y s t e r , ' ~  performance- 
p l a i n  f u r t h e r  i n  space p r o v i d e d ,  i f  necessary .  

Actua l  ------ Cause of Uisc-repancy -- Ente r  b r i e f  bu t  
21ear nar ra t . lve  d e s c r i h i n c  t h e  a c t u a l  cause of 
d i screpancy ,  if l,nown, If no t  detcrndned o r  
no t  de te rminable ,  s o  h d i c a t e  ., 

Lx- 

-- Block  k.6< 

nloc:: - 47, .  Was F;;ilure V e r i f i e d  -- Checl: a p p r o p r i a t e  block 
t o  i n d l c a t e  whether r a i lu rc  of u n i t  was v e r i f i e d ,  

.---- Bloc!: l$ , ,  F a i l u r e  Ver i f ied  Zy - Signa tu re  of person v e r i -  
f y i n g  f a i l u r e "  

7 l e c ' -  , 51. F;?i lure  A2nalysis ZT; Signa tu re  o f  perscn  
per forcJ inz  f a i l u r e  a n t d y s i s  , 

_- Tilocl: 5 2 ,  Actual  Fa i lure  Ea t2  - f n d f c a t e  p a r t  a c t u a l  
f a i i u r c  ra^LeJ i f  !-r?o:m. 
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- Block 53. Failure Analysis Results - Enter a brief narra- 
tive dea;cribing the results of the unit failure 
analysis . 
ComentE - Enter any additional information that 
may be appropriate, such as, recommendations for 
corrective action, corrective action taken, etc. 
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